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THE ROYAL AERONAUTICAL SOCIETY 
4 HAMILTON PLACE, PICCADILLY, LONDON, W.1 


MARCH NOTICES 1947 


JOURNAL PREMIUM AWARDS 


| 

| The Council have set aside an annual sum of £250 for the award of premiums for 
| papers published in the Journal and the Council hope that members (or 
| non-members) will contribute papers on their own special subjects. 


CONTENTS OF THE MARCH JOURNAL 
Protection of Aircraft Against Ice, by Mr. J. K. Hardy. 
Lofting and Template Reproduction, by Mr. S. P. Woodley, M.B.E. 


On the Nature and Conditioning of Least Work Equations in Structures, by Captain J. 
Morris. 


Design for Maintenance, by Lt. (A/E) T. E. G. Bowden, R.N., Graduate. 


LECTURES—ADVANCE PROOFS 


Because of the severe restrictions on paper and the difficulties of printing caused by the 
fuel crisis, there will be no advance proofs of Lectures given before the Society during the 
present Session, that is, up to the end of May. 


In future a brief résumé of forthcoming lectures will be published, whenever possible, in 
Monthly Notices or the Journal. 


THE 1951 EXHIBITION 


Sir Frederick Handley Page, President, has been appointed to represent the Society at 
conferences held by the Royal Society of Arts in connection with the proposed 1951 
Exhibition. 


ELLIOTT MEMORIAL PRIZE 


The Elliott Memorial Prize has been awarded to 579736 Corporal Apprentice Air P. 
Fairhurst of the February 1944 entry, who obtained the highest number of marks in the 
General Studies Passing Out Examination at Halton. 


BADEN POWELL MEMORIAL PRIZE 


The Baden Powell Memorial Prize has been awarded to Mr. E. M. Dowlen, who was 
considered by the examiners to be the best candidate in the Associate Fellowship examination 
for December 1946. 
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NOTICES 


GENERAL THEORY OF CYLINDRICAL AND CONICAL TUBES—CORRECTIONS 


In the paper ‘‘ General Theory of Cylindrical and Conical Tubes under Torsion and Bending 
Loads "’ by J. Hadji-Argyris and P. C. Dunne in the February 1947 Journal, misprints 
occurred in the following two equations : — 


Equation (59a) on page 223 should read 
=. It. At h, 
h,=C, sin (V3 rs) +C, cos (y as) + oA ; ds 
In equation (120) on page 235 the last term on the L.H.S. should read 


Ss 


MEETINGS AT THE HEADQUARTERS OF THE SOCIETY 


During February the following meetings of other organisations were held at 4, Hamilton 
Place, the headquarters of the Society : — 


Aeronautical Research Council (on several occasions). 
Airspeed Ltd. 

British Standards Institution (on several occasions). 
Guild of Air Pilots and Air Navigators. 

Light Aeroplane Technical Committee. 

Meteorological Research Committee. 


Society of British Aircraft Constructors (on several occasions). 


LECTURE PROGRAMME—SPRING SESSION 1947 | 


Except where otherwise stated, the lectures will be held at 6 p.m. in the Lecture Hall 
of the Institution of Civil Engineers, Great George Street, S.W.1 (by permission of the 
Council of the Institution), Tea will be served at 5.30. 


Visitors are welcome, but should obtain tickets through a member of the Society. 


Thursday, 27th March, 1947—The War in the Ether, by Air Vice-Marshal FE. B. 
Addison, C.B., C.B.E. 


Thursday, 10th April, 1947—A Review of Production Difficulties in Relation to Aircraft 
Design, by Mr. C. E. Fielding. 


Thursday, 17th April, 1947—Testing Civil Aircraft, by Mr. P. A. Hufton, M.Sc. 


Thursday, 24th April, 1947—The Risk of Fire and Fire Prevention Methods, by Dr. 
J. W. Drinkwater, B.Sc., D.Phil., and Mr. W. G. Glendinning. 


Thursday, Ist May, 1947—The Development of the A.S. type Gas Turbine, by Mr. | 
W. H. Lindsey, M.A., A.F.R.Ae.S. 
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DISCUSSION ON NAVAL AIRCRAFT 
Wednesday, 7th May, 1947—A full-day Discussion will be held at which the following 
papers will be read: — 


Morning Session 
11 a.m. Aircraft Design, by Mr, W. S. Farren, C.B., M.A., F.R.S., F.R.Ae.S. 
12 noon. Equipment, by Mr. L. Boddington. 
1-2.30 p.m. Luncheon Interval. 
Members and visitors should make their own arrangements for lunch. 


Afternoon Session 
2.30 p.m. Operational Flying, by Commander F. M. A. Torrens-Spence, D.S.O., 
DSL., 
3.30 p.m. Films illustrating Deck Landing, shown by Mr. W. G. A. Perring, F.R.Ae.S. 
4.30-5 p.m. Tea Interval (tea provided). 


Evening Session 
5-6.30 p.m. General Discussion and summing-up by the Chairman. 


Thursday, 8th May, 1947—The Development of the Goblin Engine, by Mr. E. S. 
Moult, B.Sc., A.M.I.Mech.E., A.F.R.Ae.S. 


Thursday, 29th May, 1947—The Thirty-Fifth Wilbur Wright Memorial Lecture will be 
read by Mr. J. K. Northrop. 


GRADUATES’ AND STUDENTS’ SECTION 


Friday, 14th March, 1947—Developments in Propeller Turbine Engines, by Mr, G. J. 
C. Davies, A.F.R.Ae.S, 
Friday, 2nd May, 1947—Flight Testing of Aircraft, by Mr. W. Humble. 
’ Tuesday, 20th May, 1947—Operation of Civil Aircraft in the Tropics, by Captain 
G. U. Allen, A.F.R.Ae.S. 
All meetings will be held at 7.30 p.m. in the Library of the Society, 4, Hamilton Place, 
W.1. 


BRANCH LECTURES AND NOTICES 

BELFAST BRANCH 
llth March, 1947—-Gas Turbines and Jets, by Mr. J. Hodge, A.F.R.Ae.S. 
All lectures are held in the Central Hall, Belfast College of Technology. 


BIRMINGHAM BRANCH 
27th March, 1947—An historical survey of the aeroplane, by Lord Brabazon of Tara. 
At Queen’s College, Paradise Street, Birmingham, at 7 p.m. 


BRISTOL BRANCH 
4th March, 1947—Some Aspects of Stability and Control, by Prof. A. R. Collar, M.A., 
B.Sc., F.R.Ae.S., Professor of Aeronautical Engineering, University of Bristol. 
25th March, 1947—Competition for the best paper read by a Junior Member. 
15th April, 1947—Annual general meeting and film show. 


All meetings will be held in the Conference Room, Filton House, Bristol Aeroplane Co., 
Ltd., Fiiton, at 5.30 p.m. 
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DERBY BRANCH 
24th March, 1947—Mr. P. G. Masefield, F.R.Ae.S., Director-General Long-Range Plan- 
ning and Projects, Ministry of Civil Aviation. 
Lectures are held at the Rolls-Royce Welfare Hall at 6.15 p.m. 


GLOUCESTER AND CHELTENHAM BRANCH 


20th March, 1947—-Modern Methods of Testing, by Mr. A. E. Bingham, M.I.Mech.E., 
F.R.Ae.S. In the Social Room, Dowty Equipment Ltd., Arle Court, Cheltenham, at 
7.30 p.m. 


PORTSMOUTH BRANCH 


21st March, 1947—Liquid Springs, by Mr. R. H. Bound, F.R.Ae.S., A.M.I.A.E. 
In the Central Library Lecture Room at 7 p.m. 


READING AND DISTRICT BRANCH 


7th March, 1947—-ANNUAL DINNER DANCE—at the Oxford Hall, Reading. 
19th March, 1947—Air Transport, by Mr. C. G. Grey. 


2nd April, 1947—Sailplane and Glider Design, by Mr. K. G. Wilkinson, of British 
European Airways. 

7th May, 1947—-Propeller Turbine Installations, by Mr. A. C. Clinton, F.R.Ae.S., of the 
Bristol Aeroplane Co. Ltd. 


28th May, 1947—FREE FOR ALL. At this meeting any member of the Branch may 
speak for about 10 minutes on any aeronautical subject. Please let the secretary know 
beforehand of your intention to speak. 


All Lectures will be held at 6 p.m. in the Monthly Staff Dining Room, Miles Aircraft 
Ltd.; tea will be served from 5.30 p.m. 


SOUTHAMPTON BRANCH 


19th March, 1947—High Speed Flight, by R. Smelt, M.A., A.F.R.Ae.S. 
9th April, 1947—An Address by E. F. Relf, C.B.E., F.R.S., F.R.Ae.S. 


All lectures will be held at 7 p.m. in the Physics Lecture Theatre, University College, 
Southampton. 


READING BRANCH PRIZE 


The Reading and District Branch has decided to award annually book tokens up to the 
value of five guineas for the best paper read before this branch by one of its members. 

The work must be original and will be judged on its content and upon its delivery; papers 
must be submitted before Ist September, 1947, and authors will be required to deliver 
summaries—twenty minutes each—to a meeting early in the Autumn Session. 

The winning paper will be announced at the Annual General Meeting and will be read 
in full later in the session. If considered suitable, the paper will also be recommended to 
Council for the R.Ae.S. Branch Prize. 


Members of Committee are not eligible for their Branch Prize. 
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NOTICES 


CHANGES OF ADDRESS 
To assist in keeping the records of members correct and up to date the Secretary will be 
glad if all members will notify him as soon as possible of changes of address. 
When notifying changes please give the following particulars : — 
Name (in block letters). 
Grade of membership. 
New address (in block letters). 
Old address. 
Changes of address must be received before the 15th of the month in order to be effective 
for the Journal for the following month. 


ANNUAL SUBSCRIPTIONS OF MEMBERS 

Members are reminded that their subscriptions became due on January Ist, 1947, and 
that under Rule 55 any member whose subscription shall not have been paid before the first 
day of April shall be in arrears of subscription and shall not be entitled to attend or vote at 
any meeting or to receive any publications to which he would be otherwise entitled. 

The present subscriptions are : — 


Home. Abroad. Home. Abroad. 
£ d. £ s. d. £s.d. £s.d, 
Founder Members , a a 2 2 0 Graduates (age 21-25) 2 2 0 229 
Fellows 4 4 0 3 3 0 Graduates (age 26-28) 212 6 212 6 
Associate Fellows 33 0 2 2 0 Students as om 2 oa 1 1 0 
Associates 2 2 0* 2 2 O* Companions » oe es 


* £1 Is. 0d. without Journal, 
It will avoid delay and confusion if members, when sending remittances for their 
subscriptions, state their name clearly and give their grade of membership and address. 


ASSOCIATE FELLOWSHIP EXAMINATION RESULT 


The following were successful in the Associate Fellowship Examination held in December 
1946: — 

Allwright, J. M., Theory of Machines; Balasubramanian, M. S., Applied Mathematics; 
Balasubramanian, T. S., Theory of Internal Combustion Engines; Busen-Schmitz, H., Pure 
Mathematics; Briginshaw, G. F., Air Transport; Bukovsky, J. J., Navigation and its 
Application to Aeronautics; Carroll, T. D. R., Applied Mathematics, Strength of Aeronautical 
Materials and Structures, Navigation and its Application to Aeronautics; Clarke, J. F., 
Applied Mathematics, Theory of Machines; Cook, H., Applied Mathematics, Theory of 
Machines; Currey, N. S., Pure Mathematics; Dolezal, J., Strength of Aeronautical Materials 
and Structures, Design (Aircraft) (1st place); Donkin, A., Applied Mathematics, Strength of 
Aeronautical Materials and Structures, Aerodynamics; Dowlen, E. M., Applied Mathematics 
(Ist place), Strength of Aeronautical Materials and Structures (1st place), Aerodynamics (Ist 
place); Dunn, K. G., Aircraft Materials; East, A. W., Pure Mathematics; Edwards, P. A. E., 
Pure Mathematics; Eggington, W. J., Applied Mathematics; England, B. H., Aircraft 
Materials (1st place); Evans, R. J., Applied Mathematics; Fairbrother, A., Strength of 
Aeronautical Materials and Structures, Design (Aircraft); Fearon, J. R. C., Strength of 
Aeronautical Materials and Structures; Gilchrist, J., Pure Mathematics; Gill, D., Pure 
Mathematics; Glasspole, M. A., Theory of Machines; Glew, F., Pure Mathematics; Greer, A., 
Strength of Aeronautical Materials and Structures; Harper, N. T. W., Theory of Machines; 
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Harris, E. L., Applied Mathematics, Strength of Aeronautical Materials and Structures, Design 
(Aircraft); Hellier, E. J., Aerodynamics; Henry, A., Applied Mathematics; Hawley, A. V., 
Applied Mathematics, Strength of Aeronautical Materials and Structures, Theory of Machines: 
Jones, J. G., Design (Aero Engines), Theory of Machines; Legg, G. G., Pure Mathematics, 
Strength of Aeronautical Materials and Structures; Lewandowski, A., Applied Mathematics, 
Theory of Machines; Little, G. W., Design (Aircraft), Applied Mathematics; Macewicz, K., 
Applied Mathematics; Marshall, J. M., Applied Mathematics, Theory of Machines; Measures, 
A., Pure Mathematics; McCallum, R. L., Applied Mathematics, Theory of Machines; 
McFarlane, P. R., Applied Mathematics, Design (Aero Engines), Theory of Machines; Nayak, 
U. N., Pure Mathematics, Aircraft Instruments—Theory and Design; Page, D. G., Applied 
Mathematics, Design (Aero Engines), Theory of Machines; Piggott, J. W., Applied Mathe- 
matics, Theory of Internal Combustion Engines; Ricketts, G. C., Strength of Aeronautical 
Materials and Structures; Romeril, J. G., Applied Mathematics; Scott, C. L. M., Applied 
Mathematics, Navigation (Ist place), Aerodynamics; Smith, M. C. G., Aerodynamics; Sowry, 
B. L., Theory of Internal Combustion Engines; Staples, G. E., Applied Mathematics, Design 
(Aero Engines), Theory of Machines (1st place); Sweeting, N. E., Pure Mathematics (lst 
place), Theory of Machines, Aerodynamics; Swingler, J. A., Applied Mathematics; Subbarao, 
H. V., Design (Aero Engines); Szymanski, R., Theory of Machines; Tavener, R. I. B., Theory 
of Machines; Taylor, A. M., Design (Aero Engines), Theory of Machines; Titmuss, H., 
Applied Mathematics, Aircraft Materials; Tuffs, P. J. W., Pure Mathematics, Strength of 
Aeronautical Materials and Structures; Walmsley, J. H., Applied Mathematics; Watkins, J., 
Design (Acro Engines) (1st place); Williams, W. S., Applied Mathematics. 


ELECTION OF MEMBERS 
The following new members have been elected : — 


Associate Fellows 

Stuart Alexander Andrews (from Student), Stephen Blumenthal (from Associate), Maurice 
Edward Burt (from Graduate), Arthur Charles Caporn (from Graduate), Sidney Arihur 
Clark (from Associate), Clayton Sandel Davies, William John Leslie Davies (from Associate), 
Michael Dorrington Day (from Associate), George Drzewiecki, David John Farrar, Alexander 
Walter Ficlder (from Graduate), Leslie Perey Gibson, Harold Taylor Hill (from Associate), 
Geoffrey Soothill Holroyd, Andrew Colin Paul Johnstone (from Associate), Hans Martin 
Johan Kittelsen, Stanley Douglas McDonald (from Associate), William Rankin McGaw, 
Donald Louis Mordell (from Graduate), Leonard Alfred Morgan, Wilfred Norwood Neat 
(from Student), Thomas Robert Nelson (from Graduate), Woolf Petrook (from Graduate), 
Elizabeth Constance Pike (from Graduate), Marie Helen Polanyi (from Companion), Eric 
Priestley, Frederick Pye (from Associate), Jack Rasmussen, James Milne Robb, John 
Alexander Ross (from Graduate), Stanley Alfred Seager (from Associate), Robert Bernard 
Shannon (from Student), Charles Edwin Smith (from Student), John Maynard Smith, Robert 
Eric Swift, John Yeadon Tomlinson (from Graduate), Cornelius Paul Joseph Truyens, 
William Albert John Wall (from Graduate), Tze-Jen Wang, Donald George Alexander 
Waterman, Peter Sumner Wilson (from Graduate), Donald Arthur Woodley (from Student). 


Associates 

John Almeida, Frederick Henry Bothanley, Joan Bradbrooke, Harold Stuart Brighty, 
Bernard Edwin Bullivant (from Companion), Leonard Robert Carolan, Donald Milton 
Cashmore (from Student), Egbert John Clift, Geoffrey Gofton Conyers, Elmer Coton, Eric 
Frank Cotton (from Student), Peter Anthony Curry (from Graduate), James Cutts, Francis 
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Arthur Davies, Edward William Dawson, Jack Generes Dunkley, Christopher Frederick 
Earp, Sidney Albert Fentum, Cyril Lewis Soloman Fraser, William Douglas Gaffney, John 
Robert Lynch Garbett, Harold Sterling Gladwin, Walter Frame Gibb, Arthur Cyril Gower, 
Donald Saunders Griffin, Edward Clifford Gulliford, Leslie David Groom, John Francis 
Hardy, Ernest Lawrence Harris, Robert John Thurstan Holland (from Student), Clive 
Beckingham Houlder, Andre Hubert Jessell, Kenneth James Keen, Francis Pennington 
Lanham, John Lawson, Lachlann Iain Loch, George Malcolm MacIntosh, David James 
Masters, Elisabeth Merchant, Frederick Norman Montague (ex-Student), Thomas Edmund 
Morgan, Leslie Barrington Naylor, Stanley Gordon Orr, Keith Rex Orsborn, David Norman 
Owen (from Companion), Owen Robert Page, Harold Ray, John Handsley Reed, Desmond 
Leonard Rendell, George Albert Reston, Henry John Lillgert Sims, Cecil Dennis Soltz, Harry 
Spencer, Alan Sutcliffe, Belligund Ananth Swamirao, David Barry Sykes, Peter George Ware, 
Ronald Dennis Watts, Walter Wilkins, David Reginald Williams (from Companion), Ronald 
Duncan Wymer, James Benjamin Yates (from Graduate). 


Graduates 

Alec Field Atkin (from Student), Joseph Black, Jean Pierre Day, Ronald Dickson, Stanley 
Kenneth Harley (from Student), Walter Edmund Hogsflesh, Shanker Lal, William Bernard 
Mathison (from Student), Harry Usher Midwood (from Student), Kenneth William Norris 
(from Student), Edward James Oag (from Siudent), Morris John O’Brien, Roy Panter, 
Joseph McAdam Rainey (from Student), Muthyala Venkata Rama-Rao, Clement Barry 
Redgate (from Student), Kenneth David John Ross (from Student), Jeffery Ernest Rossiter, 
Peter Edward Saunders (from Student), John Speechley (from Student), Norman Teather 
(from Student), Geoffrey Swan Cabot Vautier (from Student), Robert Craven Walker, Roland 
Graham L’Estrange Wallace (from Student), Arthur Dennis Wood, Leslie Colin Woods. 


Students 

Duncan Lomas Berry, Peter Philip Benham, Cyril James Bishop, Stanley Butler, John 
Edward Cheesbrough, Kevin Edmund Cheverton, Peter Child, Conway Andrew James 
Chiles, Archie Corke, John Llewellin Cox, Kenneth Dudley Crisp, Derek Charles Crowther, 
Alan Russell Dare, Graham Hopkin Davies, Frederick Eric Deudney, David Charles Findlay, 
Harold Charles Douglas Garner, Grahame Kenneth Gates, Alan Roy Hammond, George 
Stallwood Henson, Colin Charles Holden, John Edward Howland, William Charles James, 
Richard Alvin Mathias Lewis, John Kenneth Marshall, Frank Ronald Mason, Spencer 
Davidson Meston, John Lawrence Mort, James George Alexander Paterson, John Rex, Clive 
Ridpath, Graham Robertson Russell, Lancelot Brian Rutter, Ronald Charles Rye, Stanislaw 
Schaetzel, John Trevor Stamper, Jerzy Terajewicz, Peter Hammill Wilde, Muhammad Akbar 
Yusuf. 


Companions 
Edgar Martyn Allies (from Student), William Macpherson Barber (from Graduate), Alan 
Harold Buchanan, Francis John Field, Eric Herbert Whiteley. 


COLLEGE OF AERONAUTICS 
The second two-year Course at the College of Aeronautics will begin in October 1947. 
This Course is intended for students who have reached graduate standard, but who need 
not necessarily possess a degree, and who wish to undertake advanced studies in general 
aeronautics, with specialisation in Aerodynamics, Aircraft Design or Aircraft Propulsion. 
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NOTICES 


Those interested should write as soon as possible to the Registrar, College of Aeronautics, ° 


Cranfield, Bletchley, Bucks, who will furnish fuller particulars of the Course and _ the 
procedure to be followed in making application for enrolment. 


APPOINTMENTS WITH THE MINISTRY OF SUPPLY 


Applications are invited from men and women for temporary appointments in the Ministry 
of Supply in the grades shown below. 

The vacancies are at various Experimental Establishments of the Ministry of Supply, 
which are concerned with the whole field of scientific research and development for the 
Fighting Services, and for civil aviation. Most of the vacancies are in the following locations: 

Farnborough, Hants. 
Malvern, Worcs. 
Christchurch, Hants. 
Sevenoaks, Kent. 
Woolwich, 

Salisbury. 

For the Scientific Officer grades an Honours Degree or equivalent qualification in some 
branch of physical science, engineering or mathematics is required. For the Experimental 
Officer grades the minimum qualification is Higher School Certificate or National Certificate. 
In addition, technical experience is required for the grades of Senior Experimental Officer 
and Experimental Officer. 


The fields of work for which candidates are required include the following : — 


1. Aerodynamic research, particularly on the problems of high speed flight both sub and 


supersonic. 
2. Problems of aero elasticity flutter and vibration of aircraft structures. 
3. Radio aids to aircraft navigation and landing. 
4. Development and application of Radar technique, particularly for centimetre waves. 
5. Automatic control systems for aircraft and projectiles. 
6. Development of electronic techniques and application to research needs, and _ aircraft 
and weapon testing. 
7. Jet and rocket propulsion at supersonic speeds. 
8. Research on high temperature materials and intercrystalline corrosion. 
9. Fundamental engineering design of all types of air and military equipment. 
Salary will be paid according to age, qualifications and experience, on the following 
inclusive ranges : — 
Princtpal Scientific Officer—(Men) £892 to £1220 (London); £840 to £1125 (Provinces). 
(Women) £784 to £1056 (London); £739 to £964 (Provinces). 


Senior Scientific Officer—(Men) £640 to £840 (London); £610 to £810 (Provinces). (Women) 
£522 to £726 (London); £492 to £692 (Provinces). 


Scientific Officer—(Men) £353 to £590 (London); £333 to £560 (Provinces). (Women) £338 
to £502 (London); £318 to £472 (Provinces). 


Senior Experimental Officer—(Men) £690 to £892 (London); £660 to £840 (Provinces). 
(Women) £552 to £714 (London); £522 to £682 (Provinces). 

Experimental Officer—(Men) £490 to £640 (London); £452 to £592 (Provinces). (Women) 
£392 to £522 (London); £354 to £492 (Provinces). 
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Assistant Experimental Officer—(Men) £205 to £428 (London); £195 to £398 (Provinces). 
(Women) £205 to £343 (London); £195 to £323 (Provinces). 
Application forms may be obtained on request (by postcard, quoting Vacancies.Con.49) 
from the Ministry of Supply, Est.5.(B)2, Room 828, Adelphi, Strand, W.C.2, to whom com- 
pleted application forms should be returned within 21 days of the appearance of this notice. 


PRINCIPAL SCIENTIFIC OFFICERS AT FARNBOROUGH 


Applications are invited for two posts of Principal Scientific Officer in the Royal Aircraft 
Establishment of the Ministry of Supply. 
The successful candidates will be required to undertake the following duties : — 
Post (t)—Principal Scientific Officer (Electrical Engineer). 
To lead a group engaged on the development of small timing devices based on resistance 
capacity circuits. 
Post (it)—Princtpal Scientific Officer (Physicist). 
To lead a group working on radio and other types of proximity fuses and to give guidance, 
on basic research aspects, to a firm engaged upon the development work. 


Candidates must be of British nationality, born on or before Ist August 1915, and under 
50 years of age on Ist December 1946. They should possess for post (i) an honours degree 
in Electrical Engineering and should have practical workshop training. Experience in the 
leadership of staff engaged upon research and development work is essential, while a know- 
ledge of bomb fuse design and experience of aircraft armament work are highly desirable; 
for post (ii) an honours degree in physics and previous research experience and ability to 
lead and conduct original research in the field covered by the duties of the post. Familiarity 
with the use of miniature radio components and the special problems involved in the design 
of small electronic devices to operate under extremely severe conditions would be an 
advantage. 


The posts are permanent, with Superannuation benefits under the Federated Super- 
annuation System for Universities, and carry salary on the provincial scales £750 x £30- 
£1020 (men) and £660 x £30-£880 (women) plus a consolidation addition ranging from £90 
at the minimum of the scale to £105 at the maximum (men) and £79 at the minimum to 
£84 at the maximum (women), 


Further particulars and forms of application may be obtained from the Civil Service 
Commission, 6, Burlington Gardens, London, W.1, quoting No. 1797. Completed 
applications must be returned not later than 15th March, 1947. 


NATIONAL GAS TURBINE ESTABLISHMENT APPOINTMENT 

Applications are invited for the post of Senior Engineer at the National Gas Turbine 
Establishment. 

Candidates should be British subjects, born on or before Ist August 1915, and under 50 
years of age on Ist December 1946. They should possess a Ist or 2nd Class Honours degree 
and have a sound knowledge of oxygen and refrigeration plant and general mechanical 
engineering. |The successful candidate will be required to supervise the development of 
turbine oxygen plant. 

The appointment is permanent, with superannuation benefits under the Federated Super- 


annuation System for Universities and is graded as Principal Scientific Officer on the 
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provincial scale, £750 x £30-£1020 (men) and £660 x £30-£880 (women), plus a con- 
solidation addition ranging from £90 at the minimum of the scale to £105 at the maximum 
(men) and from £79 at the minimum to £84 at the maximum (women). 


Forms of application and full particulars of the appointment may be obtained on 
application to the Civil Service Commission, 6, Burlington Gardens, London, W.1, quoting 
No. 1798. Completed applications must be returned not later than 15th March, 1947. 


VACANCIES FOR EXPERIMENTAL OFFICERS AT THE NATIONAL GAS TURBINE 
ESTABLISHMENT 


Applications are invited for the following eight posts of Senior Experimental Officer at the 
National Gas Turbine Establishment of the Ministry of Supply. 
1. Aerodynamic investigations applied to gas turbines and compressors. 
2. Combustion investigations at varying pressures and temperatures, including high altitude 
conditions. 
. Investigations of heat transfer. 
. Mechanical design of high speed machinery. 
. The application of electronic methods to problems of vibration. 


Qa mn t& 


components. 
7. Testing of engines and accessories, including flight test work. 
8. Thermodynamic calculations and performance assessment, 
Candidates must be of British nationality. They must have been born on or before Ist 
August 1915, and be under 50 years of age on Ist January 1947. 


Candidates should have general engineering, physical or mathematical knowledge or 
experience. Possession of a University degree or membership of an appropriate institution, 
together with experience in the subject pertaining to the post for which they apply, would 
be an advantage. 


Posts are permanent, with superannuation benefits under the Superannuation Acts, and 
carry salary on the provincial scale, £570 x £25-£750 (men) and £450 x £25-£610 (women) 
plus a consolidation addition of £90 throughout the scale (men) and £72 throughout the 
scale (women). 

Further particulars and forms of application are obtainable from the Civil Service Com- 
mission, 6, Burlington Gardens, London, W.1, quoting No. 1794 to whom completed 
applications must be returned not later than 15th March 1947. 
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L.g.28.—Air Almanac 1947. January-April. Air Ministry. H.M.S.O. 1946. 

L.j.96.—Camouflage of Vital Factories and Key Points. Ministry of Home Security. 
1939-45. 

().b.8a, P.Q.la.—Classification and indexing of technical aeronautical information. W. C. 
Cooper. British Society for International Bibliography. 1944. 

S.e.131.—Battle of the Atlantic. H.T. Dorling. H.M.S.O. 1946. 

S.e.132.—The Pilot Walked Home. Dennis Hornsey. Collins. 1946. 

S.e.133.—Brief Glory. E.C. Cheesman. Harborough. 1946. 
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*X.c.155.—Casey Jones Cyclopedia of Aviation Terms. H. L. Williams. McGraw Hill. 
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Report No, 145.—Gas turbine combustion studies: gas analysis. R. Heron and R, R. 
Baldwin. 

Report No. 140.—Gas turbine combustion studies: carbon formation. R.R. Baldwin and 
J.C. Street. 

Technical Memorandum T-78.—The development of knock rating methods. 1939-1946. 
P. G. Pignguy. 


A.R.C. Reports and Memoranda 

1987.—Flat sandwich panels under compression end loads. D. Williams, D. M. A. Leggett 
and H. G. Hopkins. 

1999.—A new theory on load distribution among the rivets or spot welds of a group. 
K. Swainger. 

2011.—Coupled flexural vibrations of the blades of a propeller and a torsional vibration 
of an engine crankshaft system. J. Morris and J. W. Head. 

2079.Transition indication in the National Physical Laboratory 20 in. by 8 in. high speed 
tunnel. D. W. Holder. 


*N.A.C.A. Technical Memoranda 

1084.—Kinetics of chemical reactions in flames. Y. Zeldovich and N, Semenov. 

1086.—Distribution of structural weight of wing along the span. V. V. Savelyev. 

1087.—Sirength investigations in aircraft construction under repeated application of the 
load. E. Gasener. 

1089.—Investigation of flow in a centrifugal pump. Karl Fischer, 

1091.—The effect of the Sperry directional gyro in turning. Rosello Roselli del Turco. 

1092.—_On laminar and turbulent friction. Th. von Karman, 

1093.—The further development of heat-resistant materials for aircraft engines. Franz 
Bollenrath. 

1094.Investigation of the behaviour of thin-walled panels and cut-outs. A. A. 
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1095.—Wind-tunnel investigation of the horizontal motion of a wing near the ground, 
Y. M. Serebrisky and S. A. Biachuev. 


1096.—Investigation of turbulent mixing processes. Kk. Viktorin. 
1104.—The influence of the jet of a propulsion unit on nearby wings. H., Falk. 


1109.—Flow investigation with the aid of the ultramicroscope. G. Vogelpohl and D. 
Mannesmann. 
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Can you speak with authority on the application of magnesium alloys to your 
firm's products—whether their use could save weight, increase sales, step up production as 


they are doing in so many widely different industries today ? 


The ‘‘ know-how "’ of magnesium is fully explained in publications issued by 


the pioneers in these alloys. Write for details on your business notepaper to the 


METALS DEPARTMENT F. A. Hughes & Co. Ltd. Abbey House, London N.W.1I 


“Technology of Magnesium and Its Alloys’’. 512 pages, 
size Royal Evo, illustrated with 524 photographs and diagrams. 


Price 30 - plus 7d. postage. (Prospectus available on request). 


“‘Metallography of Magnesium and Its Alloys’’. [1g pages, 
size Royal 8vo, with 225 photographic illustrations. Price 15/- 


plus 6d. postage. (Prospectus available on request). 


Other publications available, without charge, cover properties, 


casting design, manipulation etc. 
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Exact information, responsible commentaries 

and topical illustrations are among the 

features which have given these four repre- 

sentative Temple Press Publications positions 
of authority in the world of aviation. 


TEMPLE PRESS LIMITED 


BOWLING GREEN LANE, LONDON, E.C.f. TERMINUS 3636 
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4 FIRST Aerial Service in Eastern Australia on 
..... Charleville to Cloncurry. Hence service (a DH86). 1935 
> r ‘Queensland and Northern Territory Aerial 
Services” FIRST Through Flying Boat service to 
q Singapore by Qantas, and — in association 
FIRST Aircraft to be manufactured in with Imperial Airways —to London. . 1938 
{ Australia under licence from overseas . . 
| } a DHS0A, built by Qantas at Longreach 1926 FIRST Regular Crossing of the Indian Ocean 
| . .. the world’s longest air hop... by 
FIRST Flying Doctor service established in Qantas in association with B.O.A.C. with 
Australia by Qantas at Cloncurry. . . . 1928 
FIRST Official experimental Airmail between FIRST With B.O.A.C. and Tasman Empire 
Australia and Britain, in association with Airways, to re-establish the British Air 
imperial Asrways Route . . . to help maintain British Empire 
Air supremacy in the revolutionary develop- 
; FIRST Four-engined Plane used in Australia ments in the Age of Flight ...... . 1946 
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The Pulse System of 
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DAY AND NIGHT RANGE of 
300 miles at 5,000 feet and 150 
miles at 2,100 feet. 

ACCURACY of 100 yards or 34% 
of Range whichever is the greater. 
OPERATION TIME of 10 seconds 
per fix. 

IMMEDIATELY operative within 
service range of any chain of 
GEE ground stations. 


UNAFFECTED by static inter- 


ference. iad 

i Extract from an address made by Mr. T. A. 
CONTINUITY : unaffected by Macauley, Chairman of A. C. Cossor Ltd., on 
August, 1946, at the company’s 8th 
NOT SUSCEPTIBLE to jamming. General Meeting. 


NO AMBIGUITIES. 
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f THE INCOMPARABLE SPITFIRE, for six years of war Britain’s first- 
line fighter, is now available as a 2-seater trainer with the highest 
Performance of its class in the world. Thus Vickers-Armstrongs 
offers to the next generation of pilots the fruits of nearly ten 
years unbroken development work on the type — work shaped 
and proved by tens of thousands of operational hours flying in 


all the climates, and many of the countries, of the world. 
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PRECISION CASTING 


An American Authority recently stated: 


‘Precision investment casting is a comparatively 

undeveloped industrial art, but it has reached 
the stage where it is reducing costs and improv- 
ing qualities on tens of thousands of products. It 
is capable of accuracies roughly approximate to 
those of grinding. It can handle practically any 
metal that can be cast at all. The process makes 
its most valuable contributions by producing 
intricacies in parts, and by handling with ease 
metals that are difficult or even impossible to 
fabricate economically by other methods.’ 


MATERIALS AND METHODS, March 1946 


If that extract interests you, we welcome an opportunity 
to supply some details of the part played by 


Ethyl Silicate in precision casting : 


ALBRIGHT & WILSON 
@) ETHYL SILICATE 


8/es 


\ Albright & Wilson Ltd., 49 Park Lane, W.1 = Tel: Gro 1311 
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SPEEDBIRD ROUTES ACROSS THE WORLD 


N WITH QANTAS EMPIRE AIRWAYS 
AIRWAYS, TASMAN EMPIRE AIRWAYS 


BRITISH OVERSEAS AIRWAYS CORPORATION IN ASSOCIATI 
SOUTH AFRICAN 


| Across the World from London 
| 
—— Be JOHANNESBURG = 


mathematics required by pilots, navigators, 
and those engaged in ground duties. Illus- 
F. T. Hill, F.RAeS., This trated with diagrams, and including exer- 
practical book covers the entire range of ! 


materials used modern aeronautical BENNETT’S COMPLETE AIR 
engineering, and is a useful source of facts NAVIGATOR 


3 concerning their special properties, treat- This is the standard work by Air Vice- 
ments and applications for aireraft  pur- Marshal D. C. T. Bennett, C.B.E., D.S.O., 
F.R.AeS., F.R.Mets. It covers the sytla- 

i “Here is one of the best books on aircraft bus of the First Class Air Navigator's 
materials and might well be as Licence, dealing fully with astronomical 
standard work of — reference the 


. . . . . . 
que navigation, direction-finding wireless, ete., 


may of subject."—THE AEROPLANE. and including an important chapter on 
{OM meteorology. Fourth Edition. Hlustrated. 
actoavel nerve By N.C. Bartholomew. An American book BENNETT’S AIR MARINER 
in of special interest at the present time, as Also by Air Vice-Marshal Bennett, this book 
owrite it aims to improve the average standard of gives information on everything concerned 
a aircraft inspection. Every aireraft engineer with flying-boats and seaplanes, the tech- 
} out vice per MAN and student should have this book. 7/6 net. nique of handling in water, taking off, fly- 
pre +ED i ing and landing, anchoring and weighing 
gin AIRMEN’S MATHEMATICS anchor, with vital facts en marine equip- 
oN ’ gine «By M. J. G. Hearley, B.Se., and R. Lever- ment and moorings, navigation regulations, 
Sb» ington Smith, B.Sc., A.K.C. A useful book signals, tide caleulations, ete. Second 
ya Lo 


which deals comprehensively with the Edition. 7/6 net. 


AERONAUTICAL CLASSICS 


A limited number of reprints of the following works of the Early 
Pioneers are still available at the following prices, including postage :— 


3. THE ART OF FLYING, by Thomas Walker (1810) aa en 
4. THE AERIAL SHIP, by Francesca Lana (1670) . 8/3 


5. GLIDING, by Percy S. Pilcher (1897) to which is 
added the Aeronautical Work of John Stringfellow ... £11 3 


6. THE FLIGHT OF BIRDS, by G. A. Borelli (1680) Amer 


In addition, a few copies are still available of 


Report of the Bird Construction Committee (1911) ei << 10/2 
History of the Royal Aeronautical Society, 1866-1946 .. «68S 
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FLIGHT (weekly) provides the most authentic information on world 
WO RL ) aeronautical affairs. It covers every aspect of development and progress 
in aircraft and power unit design and operation. AIRCRAFT PRO- 
DUCTION (monthly) is the journal of the aircraft manufacturing 


industry, specialising in tools and works production processes. Both 
WIDE journals serve the interests of all concerned with the future progress of 
British aviation. Technical information is supplemented by brilliant 
functional drawings. Circulation is world wide. Annual subscrip- 


tions (Home and Overseas) : FLIGHT, £3 Is. Od. ; AIRCRAFT PRODUCTION, 
£1 14s. 6d. 

AUTHORITIES Published in conjunction with these journals, FLIGHT HANDBOOK 
(212 pages, 7s. 6d. net) is essentially a manual for the student, whilst 
GaAs ‘TURBINES AND JET PROPULSION (272 pages, 12s. 6d. net) by 
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Comprehensive in range . . . standardized 
in all British Service aircraft . . . recognised 
by the aircraft industry as the highest 
standard. | 


Produced by the Aviation Division of 

THE HYMATIC ENGINEERING COMPANY, LIMITED, 
REDDITCH, WORCESTERSHIRE, ENGLAND. 
Telephone: Redditch 743. 
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HYMATIC EQUIPMENT PROVIDES 


Air Compressors; Automatic Regu- 
lators ; Oil and Water Traps ; Relief 
Valves ; Anti-freeze Systems ; Pressure 
Maintaining Valves ; Reducing Valves ; 
Emergency Air Valves; Non-return 
Valves ; Shuttle Valves ; Emergency Air 
Release Mechanism; Air Reservoirs ; 
Engine Primers (manual); Engine Primers 
(automatic) ; Undercarriage Selectors ; 
Flap Selectors ; Restrictors ; Flap Rams; 
Nose Wheel Rams ; Main Wheel Rams; 
Hot Air Intake Rams ; Radiator Flap 
Rams ; Carburettor Control Rams; 
Ground Charging Connections. 
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THE ROYAL AERONAUTICAL SOCIETY 


The 704th Lecture read before the Society. 


PROTECTION OF AIRCRAFT AGAINST ICE 


by 
J. K. HARDY 


Before the war Mr. Hardy was a member of the Department of Scientific and 

Industrial Research, and was transferred to the Ministry of Aircraft Production on 

loan during the war. He was invited by the National Advisory Committee of Aero- 

nautics in the United States to participate in the Committee’s work on de-icing at 

the Ames Aeronautical Laboratory, and took part in the flight trials conducted each 
winter at the Ice Research Base at Minneapolis. 


MEETING of the Royal Aeronautical Society was held in the lecture hall of the 

Institution of Civil Engineers at Great George Street, Westminster, London, S.W.1, 
on Thursday 5th December 1946, at which a paper by Mr. J. K. Hardy on “ The Protec- 
tion of Aircraft Against Ice,” was presented and discussed. In the Chair, the President, 
Sir Frederick Handley Page, C.B.E. 

The President: The protection of aircraft against icing and the air-conditioning of air- 
craft were two of the most important subjects to be dealt with if they were to apply 
successfully all the advantages arising from the use of the gas turbine in aircraft. 

The Society was fortunate in having Mr. Hardy to deal with the protection of aircraft 
against icing, a subject of which he had made a special study. Before the war he had been 
a member of the Department of Scientific and Industrial Research, and was transferred to 
M.A.P. on loan during the war. He was invited by the National Advisory Committee 
for Aeronautics of the United States to participate in the Committee’s work on de-icing 
at the Ames Aeronautical Laboratory, taking part in the flight trials conducted each winter 
at the Ice Research Base at Minneapolis. Thus, his experience was very extensive. 

Mr. Hardy presented his paper. 


INTRODUCTION. 
CE FORMS on an aircraft in flight from 


from the use of the system on an extensive 
scale. It is from the experience of the 


droplets of water which strike the surface, 
when the aeroplane is passing through cloud 
or through drizzle at temperatures below 0° 
Centrigrade. In the induction system of the 
engine ice can form, also, from throttling at 
temperatures up to +5°C., and can form 
from the refrigerating effects produced by the 
evaporation of fuel at temperatures up to 
about +25°C. It is possible by proper 
design of the various parts to protect an 
aircraft completely against ice. Heat has 
proved to be by far the best method of 
Protection. The practicability of this method 
has been proved by tests in flight and the 
design is established on a sound basis. To 
make further progress towards improving 
and refining the design, experience is required 


designer and the operator of the aircraft that 
progress can be made now. 


It is evident that there is nothing to be 
gained by protecting some parts of an aircraft 
if other, vital, parts are left unprotected. It 
is of no use to protect the wings, for instance, 
ii the engine is left in an unprotected state. 
Such procedure, in fact, invites disaster. 
Taken as a whole, it is a major undertaking 
to protect an aircraft against ice, and it is 
necessary that the protective equipment 
should be an integral part of the design of 
the aircraft. It cannot be added as an 
afterthought to an existing aircraft. The 
equipment must give the protection 
demanded of it; this is the basis on which it 
should be judged. It must be completely 
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reliable and it must, therefore, be soundly 
designed on proper engineering principles. 

’ A comprehensive report (1) on the subject 
of protecting aircraft against ice has been 
issued recently. This deals more fully with 
the subject, with methods of calculation and 
of design in particular, than is possible in a 
lecture. 


1. THE FORMATION OF ICE ON AN 
UNPROTECTED AIRCRAFT 


On an aircraft which is unprotected, ice 
forms from droplets of water which strike 
all exposed forward-facing surfaces. The 
form which the ice may take varies consider- 
ably owing, principally, to variation in the 
physical characteristics of the conditions of 
icing. Conditions of icing are characterised 
by the temperature of the air, the concen- 
tration of free water, and by the size of 
droplets. 

Conditions of icing have been reported at 
temperatures in the range from 0° to —40°C. 
Icing is much more commonly encountered 
at the higher temperatures in the range than 
at the lower. The maximum concentration 
of free water which may be encountered 
decreases with temperature. Measurements 
taken at the observatory on Mount 
Washington show maximum concentrations 
ot the order of 2, 1 and 4 grams of water 
per cubic metre of air at temperatures of 
—-10° and —-20° Centrigrade respect- 
ively. Measurements taken in flight are 
comparatively few (2), but there is reason to 
suppose that the maximum concentrations 
as measured on Mount Washington are 
characteristic of severe conditions which may 
be encountered in flight. 

In any one cloud, however, both the 
concentration of free water and the size of 
the droplets increase with the height owing 
to a decrease of temperature with height. 


CONDITIONS OF ICING. 


Icing, therefore, is more severe at the higher ° 


levels in a cloud than at the lower. It is 
probable that the average size of droplet will 
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diminish as the average temperature of the 
cloud decreases, but this is not certain. In 
cloud, the size characteristic of severe 
conditions of icing is of the order of 20 
microns (0.0008 inch), but in drizzle, which is 
encountered only at the higher temperature 
in the icing range, the size may be consider- 
ably larger. 

It is characteristic of conditions of icing 
that water in the supercooled condition jis 
present. Water at temperatures below 0° 
Centigrade is said to be supercooled, and 


centrary to expectation this condition is ' 


remarkably stable. 
stimulus, water will freeze at a temperature 
which is variable over a wide range, and 
which seems to depend upon the constitution 
of a nucleus of crystallisation which is 
present in the water. 
causes water to freeze, although it appears to 
be only of academic interest, actually is of 
far reaching interest in practical meteorology. 
At present, it appears, the meteorologist is 
unable to discriminate between cloud which 
consists of supercooled water and_ is 
dangerous to aircraft, and cloud which con- 
sists of ice crystals and is harmless. Freezing 
is caused by impact of supercooled water 
with the surface of an aircraft, and ice will 
form whenever the temperature of the surface 
is below 0° Centigrade. 


1.2. RATE OF CATCH OF WATER. 

The rate at which ice will grow is 
determined, primarily, by the rate at which 
water from the cloud strikes the surface. 
The rate of catch of wate:, as it is called, is 
of importance in the design of protective 
equipment against ice. 

The rate of catch of water depends upon 
the size of the droplets, the concentration of 
free water, upon the size and shape of the 
part of the aircraft under consideration, and 
upon the speed. The droplets are deflected 
by the air as it flows round the aircraft so 
that a certain fraction only of the total 
number in the path of the aircraft strike the 
surface. This fraction is called the efficiency 
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PROTECTION OF AITECRAFT AGAINST FEE 


of catch. In Fig. 1, the efficiency of catch 
on cylinders is plotted against the parameter 

K=905° x 

d, 

in which d, and d. are the diameters of the 
droplet in the cloud and of the cylinder 
respectively, pst is the standard density at 
ground level, and V is the speed of flight. 
This figure shows that the efficiency of catch 
increases with size of droplet and for any 
particular size will increase, the greater the 
speed of flight and the smaller the part under 
consideration. For example, the rate of icing 
is greater on an aerial mast than on a wing. 


propeller, the actual rate of catch is greater 
than that given by this method, and at present 
it can only be estimated empirically. 


1.3. RATE OF ICING. 


The rate at which ice will form, under 
specified conditions, may be calculated from 
the purely thermal effects associated with its 
formation. As ice forms, the latent heat of 
fusion is liberated and this must be dissipated 
if the process is to continue. The effect of 
the liberation of heat is to raise the 
temperature of the ice to above that of its 
surroundings, the elevation in temperature 


20 


— 


EFFICIENCY OF CATCH, PERCENT 


Fig. 


Efficiency of catch of water on cylinders. 


In the case of a wing, the water is caught on 
4 narrow strip at the leading edge. 

In designing protective equipment, the 
rate at which water is caught in specified 
conditions of icing must be known. For the 
Wings and stabilisers this is done by treating 
them as cylinders having the same radius as 
the radius of curvature at the leading edge. 
The method is approximate but, so far as is 
known, is sufficiently accurate for practical 
Purposes. In the case of the blades of a 


being sufficient to dissipate heat at a rate 
appropriate to the rate of formation of ice. 
In the case of the wing of an aircraft, the 
latent heat of fusion is dissipated by 
convection and by evaporation of water to 
the air, and by raising the temperature of 
the water as it strikes the wing from the 
temperature of the ambient air to that of the 
ice. 

The rate of formation of ice may be 
calculated by equating the rate of liberation 
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of heat, by freezing, to the rate of dissipation. 
The rate of formation has been measured in 
a critical experiment made in the laboratory 


(Reproduced by courtesy of T.W.A.) 
Fig. 2. 
Wing of DC-3, forward part of lower surface. 


(3) and found to agree with the calculated 
rate to within the limits of experimental 
error. 

The rate at which ice can form is limited 
by the rate at which the latent heat can be 
dissipated. This is a maximum when the 
temperature of the ice becomes 0° 
Centigrade. The type of ice which forms in 
this condition has a characteristic glazed 
appearance owing to the surface being wet 
with water, which flows from the area of 
catch over the ice to freeze farther back. 
This type of ice is known as glaze ice. With 
a smaller rate of catch of water, at a lower 
temperature of the air, the water will freeze 
in the area of catch producing ice which has 
a porous structure, and a mat surface. This 
type is known as rime ice. 

The effect of glaze ice on the aerodynamic 
qualities of a wing can be far greater than 
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that of rime, both because it covers a greater 
area and because of its roughness. The 
roughness is caused by the fact that the rate 
of convection of heat from any protuberance 
on the surface is greater than elsewhere so 
that ice forms more rapidly, the protuberance 
grows, and the roughness of the surface 
-increases. | Roughness is caused, also, by 
separate nodules of ice which form well back 
on the surface and which, it appears, 
originate from water which is blown off the 
cap of ice round the leading edge. The 
nodules of ice which are illustrated in Fig. 2 
were about 1 inch long, } inch thick at the 
base and 4 inch thick by } inch wide at the 
free end. 

Glaze ice in the form of a cap with no 
nodules behind is shown in Figs. 3 and 4, 
which show the fin, and the nose of the 
fuselage, of a Lockheed 12A aeroplane after 
exposure to conditions of icing at about —2° 
Centigrade. The ice on the fin is of 
particular interest as illustrating ice of the 
really dangerous type. The ice has grown in 
width, across the direction of flow of air, 
more rapidly than it has grown in thickness. 
The spoiling of the flow of air over the fin 
and rudder was such that the aircraft was 


(Reproduced by courtesy of N.A.C.A.) 
Fig. 3. 
Glaze ice on fin of Lockheed 12A, tail inboard 
protected by heat. 
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almost uncontrollable. Ice takes this form 
more readily the smaller the aerofoil and 
the finer the entry. This is shown by com- 
paring the form of ice on the nose of the 
fuselage, Fig. 4, with that on the fin; both 
were formed under the same conditions 
on the same flight. The form of ice on the 
inner wing was practically the same as that 
on the fuselage. These figures show the 


advantage that a large aircraft will have as 
compared with a small one in passing 
through the same conditions of icing. 


(Reproduced by courtesy of N.A.C.A.) 
Fig. 4. 
Glaze ice on nose of fuselage, Lockheed 12A. 


Glaze ice has never been reported at 
temperatures below —18°C. The nodular 
type of ice is confined to a few degrees only 
below freezing since the catch of water must 
be high and the difference in temperature 
between ice and air must be small for water 
to be blown off the cap unfrozen. 

The extent to which water can be blown 
off the surface of ice was shown by an 
experiment in the laboratory in which the 
rate of icing of a cylinder of 4 inch diameter, 
was measured. By increasing the concen- 
tration of free water it was possible to pass 
from a condition in which all the water 
striking the cylinder was frozen to one in 
which, ultimately, 50 per cent. escaped 
unfrozen. This has a direct bearing on the 
functioning of the ice-guard which is used to 
Screen the induction system of the engine. 


ICE 


Recent tests, run under the appropriate con- 
ditions of icing, have shown that the system 
blocks with ice behind the guard from water 
which blows through the screen. 


1.4. KINETIC HEATING. 


The formation of ice on an aircraft is 
conditioned not by the temperature of the 
air but by the temperature of the surface. 
In flight, the temperature of the surface is 
above that of the air by reason of the motion 
of the aircraft through the air. Heat 
proportional to the kinetic energy of motion 
is generated in bringing the air to rest at the 
surface, whether this is done by compression 
at the leading edge or by the action of 
viscosity elsewhere on the surface. Thus, 
the whole surface is affected. 


In clear air, when the surface is dry, the 
increase in temperature is somewhat less than 
that equivalent to the kinetic energy of the 
undisturbed stream owing to the diffusion of 
heat through the boundary layer. In con- 
ditions of icing, the temperature of the 
surface is reduced considerably by 
evaporation of water from the surface. The 
method of calculating the kinetic temperature 
in conditions of icing is given in reference 4, 
and the same method can be used to calculate 
the temperature in the induction system of 
the engine, or of surfaces such as the wir4d- 
screen when alcohol is used to prevent the 
formation of ice. 


The effect of evaporation in redacing 
kinetic temperature may be illustrated by 
quoting the results of calculations, which 
are given in full in reference 1. Fora station 
on the blade of a propeller, where the 
velocity is 600 ft.-second, the barometric 
pressure being taken as 350 mm., and the 
temperature of the ambient air as —4°C., 
the temperature at the stagnation point 
in cloud is +4.9°C. So, the increase in 
temperature from kinetic heating is 8.9°C. 
in cloud as compared with 16.8°C. in clear 
air. On the cambered face where the local 
velocity is 1.4 times the velocity of the blade, 
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the temperature of the surface is —0.8°C., an 
increase of 3.2°C. only. 

It is apparent from this example that speed 
alone, through the agency of kinetic heating, 
cannot be relied upon to give any sub- 
stantial measure of protection against ice. So 
far as can be judged, the situation in most 
cases will be worsened by an increase in 
speed, since this increases the efficiency of 
catch of water which results in a higher 
rate of icing per mile, as well as a greater 
spread of ice over the surface back from the 
leading edge. 

The effect of an increase in velocity locally, 
which is shown by the calculation for the 
cambered face of the propeller blade, is 
shown more emphatically by calculations for 
the throttle in the induction system of the 
engine. The velocity at the throttle is taken 
as 600 ft./second and the air at rest outside 
the induction system will be taken as being at 
a pressure of 760 mm. and a temperature 
of +3°C. The temperature of the surface 
at the throttle, when wetted with water, is 
+0.7°C. For a velocity of 940 ft./second 
and the same ambient conditions the 
temperature of the surface is —2.1°C. 
The depression in temperature in this case 
is the same as the limit at which the throttle 
ice has been observed, namely 5°C. 


2. PROTECTION OF WINGS AND 
STABILISERS 


There are three different methods by 
which the wings and stabilising surfaces are 
protected against ice; mechanically by the 
inflatable de-icer, chemically by exuding a 
fluid, and thermally by heating a section at 
the leading edge. These methods differ 
materially in the degree of protection which 
they afford, heat being by much the best 
method of protection. 


2.1. MECHANICAL SYSTEM. 

In the mechanical system, the aim is to 
shed ice by breaking the bond at the interface 
between the ice and the surface on which it 
forms. 

It suffers from two serious defects; it fails 
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to shed ice of the glaze-type cleanly from | 


the surface and it cannot provide sufficient 
coverage to deal with conditions in which 
ice spreads well back from the leading edge. 
The failure to shed ice causes, sometimes, a 
worsening of the situation because ice which 
is partly detached by the action of the de-icer 
spoils the flow over the wing. Coverage is 
limited to the area in which the de-icer will 
not “balloon” owing to the gradient in 
pressure round the aerofoil. 


2.2. FLUID SYSTEM. 


If ice is to be prevented by chemical means 
it is necessary to use a large quantity of some 
water-soluble fluid because the depressant 
action on the freezing point is proportional 
to the number of molecules dissolved. If ice 
is to be detached from the surface—a process 
of de-icing as distinct from ice prevention— 
it is necessary to act on the ice at the interface 
between surtace and ice. This requires that 
the fluid must seep through the surface 
which in consequence must be completely 
permeable. A much smaller quantity of 
fluid is needed than is required to prevent 
ice because it is necessary to melt only a thin 
layer of ice at the interface. 

In the fluid system as originally conceived, 
the aim was to de-ice the leading edge by 
covering it with a material which was 
permeable to glycol. This scheme had to be 
abandoned owing to the difficulty of dis- 
tributing the glycol and of maintaining the 
surface in a completely wetted condition. 

The method then adopted was to discharge 
the fluid from slots at the leading edge, and 
this involved an entire change in the physical 
process. The fluid on emerging from the slots 
mixes with the water, from the cloud, which 
strikes the wing, and protection now must 
be by preventing ice because the fluid has no 
power to de-ice the surface. 

In current designs, the rate of discharge 
of fluid is practically the same as in the 
original design despite the fundamental 
change which has been made. The system in 
its present form, therefore, is inadequate for 
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conditions of icing in which protection really 
is necessary. The amount of fluid required 
depends equally upon the rate of catch of 
water on the wing, and on temperature. The 
rate of catch will be a maximum in drizzle 
which is encountered at the higher tem- 
peratures in the icing range. The worst 
conditions for the fluid system are a high 
concentration of water in coarse droplets, 
probably 100 to 150 microns diameter, at 
temperatures around 5°C. 

The fluid system, unlike other methods of 
protection, has not been tested critically in 
flight in conditions of icing, but protection 
should be satisfactory provided that the rate 
at which fluid is discharged is adequate. 
This has been demonstrated by tests on a 
model scale (5) which showed, also, that the 
rate at which fluid must be supplied, for pro- 
per protection, could be predicted accurately. 


2.3. THERMAL SYSTEM. 


In the thermal system, the surface of the 
leading edge section is heated at a rate 
sufficient to prevent the formation of ice, 
except at the lower temperatures in the icing 
range when reliance is placed on shedding 
ice from the heated surface. At the lower 
temperatures, the ice which forms is of the 
rime type which is confined to a narrow area 
at the leading edge, and which conforms 
sufficiently with the contour of the aerofoil 
to have practically no effect aerodynamically. 
The thermal system has been developed in 
the United States under the direction of the 
National Committee for Aeronautics, and is 
being adopted as the standard method of 
protection. It has been used extensively in 
Germany. 

In the designs which have been tested by 
NACA, the surface of the leading edge 
section is heated continuously by a stream of 
heated air which is passed through the 
section. An alternative method, which has 


not so far been tested critically, is to heat 
the surface intermittently, the heat being 
supplied electrically. The object is to detach 
ice from the surface and, in effect, the process 


ICE 


is similar to that which the mechanical 
system has as its aim. Less heat is required 
than when heating is continuous, and no 
limitations are imposed either on the design 
of the structure or on the materials which are 
used in the wing. The method has the dis- 
advantage that drag is increased because ot 
the ice. 

As has been mentioned, the method is 
untried, but so far as can be judged it is 
likely to find application only to small 
aircraft. The method is discussed more fully 
in reference 1 (page 56). The present 
discussion will be confined to the method in 
which heating is continuous. 

It would be impractical to protect a wing 
by heat if it was necessary to heat the whole 
of the surface. Actually it is sufficient to 
heat only the leading edge section. A large 
fraction of the water which strikes the lead- 
ing edge is dispersed, it appears, by being 
blown off the surface as it runs back from the 
leading edge. This leaves a small residue of 
water which must dispersed by 
evaporation if ice on the unheated part of the 
wing is to be avoided. 

Ice in thin streaks, sparsely distributed on 
the surface behind the heated area, is a 
characteristic of the thermal system in the 
middle temperatures of the icing range. The 
streaks grow very slowly, which suggests that 
they are formed from the residue of water 
aforementioned, and are of no importance 
aerodynamically. At the higher tem- 
peratures, the surface of the wing appears to 
be quite dry, except in the area of catch of 
water at the leading edge, Fig. 5. This would 
be anticipated from the increase in rate of 
evaporation which accompanies the increase 
in temperature of the heated surface. 


2.3.1. Extent of heated area. 

Systematic experiments have not been 
made, so far, to determine the optimum 
extent of the heated area in a chordwise 
direction, nor the optimum distribution of 
heat thereto. On the aircraft tested by 
NACA in natural conditions of icing, the 


277 


in 
ans 
me 
ant 
nal 4 
ice, 
ace 
hat 
ace] 4 
ely 
of 6 
ent i 
hin 
ed, 
by 
vas 
be | 
the 
nd 
cal} 
ots 
ich 
ust 
no | 
get 
| 
tal 
in 
for 


Gk 


extent was dictated by what could be 
accommodated, because in every case the 
system was installed in existing aircraft. The 
maximum was 15 per cent. chord in the 
case of the B-17, and minimum 8 per cent. 
chord in the wing of the B-24. In the case of 
the C-46, the most recent design, the heated 
~ area extends to 10 per cent. chord on both 
wing and empennage. 


HARDY 


It is evident from the tests made by NACA 
that there is nothing rigid in the extent of 
area proposed in Table 1, in the sense that 
the system will not function if a smaller area 
is used. Theoretically, if evaporation of the 
residue of water is a critical factor, it is 
advantageous to use a narrow area intensely 
heated rather than distribute the same heat 
over a wider area. As an alternative to 


(Reproduced by courtesy of N.A.C.A.) 


Fig. 
Heated wing on NACA Lockheed 12A, carrying unheated strut under test in conditions of icing 


In light of the tests on this aircraft, and of 
small aerofoils in the icing tunnel, the best 
estimate which can be made of the extent of 
the heated area for different lengths of chord 
is that given in Table 1. 


TABLE 1 
VARIATION OF HEATED AREA WITH CHORD 


_ CHORD FEET EXTENT OF HEATED AREA 
PER CENT CHORD 
6 18 
8 15 
12 11 
16 9} 
20 8} 
30 7h 


increasing the extent of the heated area, 
expressed as a fraction of the chord, as the 
chord diminishes, the rate of heating over 
the rear half of the area can be increased to 
give the same effect. It is suggested that the 
area should not be reduced to less than 10 
per cent. chord on an aerofoil of 8 feet chord. 


2.3.2. Distribution of heat. 

In the conventional design the leading 
edge is heated by air which, after passing 
through a heat exchanger, is carried by a duct 
along the leading edge, shown in Fig. 6. 
The heated air is discharged from the duct 
into passages, formed between the outer 
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HEATED LEADING EDGES 


EMPENNAGE ASSEMBLY | 


6 INCH TO 5 INCH 
TRANSITION 


EMPENNAGE ICE-PREVENTION 


PRIMARY HEAT 6 INCH QUCT 


EXCHANGERS —-— 
6 INCH CROSSOVER BUCT 


CROSS OVER VALVE 
BISCHARGE VALVE 


f) 
WINBSHIELB ANB 


HEATER WINDSHIELD 


SECONDARY EXCHANGER 


COCKPIT HEATING 
4 INCH DUCT HEATED 
LEABING ESGE 


HEATED LEASING 
ENGE! 
Fig. 6. 


General arrangement of ducting, NACA C-46. 


SKIN SPLICE 


SPAR AT 
10% CHORD 


HEATED AIR EXITS AT 

RUBDER OR ELEVATORS 
OUTER SKIN LIGHTENING HOLE ~~ 
032° 24STALC 


CORRUGATES 
ANGLE 
“24 ST ALC. 


—ANGLE STIFFENER 
24 ST ALC. 


RIB 

032"24 sT ALC 

APPROX 

CORRUGATES INNER SKI 

"O20 ’- 24ST ALC 


\ BAFFLE AT 6 %o CHORD 
*O20" 24 ST ALC. 


rig. 
Arrangement of leading edge section of stabilisers NACA C-46. 
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skin and a corrugated inner skin, which 
extend to the width of the heated area, Fig. 
7. The point of discharge from the duct is 
usually at the leading edge, so that the 
temperature over the forward part of the 
heated area is much greater than over the 
rear, because the air loses heat progressively 
as it flows through the passages. 

Tests on a model scale (6) have shown the 
advantage of increased heating of the rear 
part, and this is consistent with what may be 
deduced from the behaviour of the conven- 
tional design in flight. A change in design is 
proposed. It is proposed that the tem- 
perature of the surface over the forward 
half of the heated area should be +5°C. and 
over the rear half should be +10°C., in 
conditions of icing at the lowest temperature 
for which protection is required. 

It is unnecessary to heat the wing behind 
the heated area. It is immaterial, therefore, 
whether the air, after passing through the 
passages in the heated area, is discharged to 
waste or is carried back through the wing. 


2.3.3. Dissipation of heat in conditions of 

icing. 

The method of calculating the rate at 
which heat is dissipated from a_ heated 
surface is given in full in reference 1! 
(Chapter 4). The heat dissipated may be 
divided into three components:— 

1. Heat is dissipated by convection 

because the temperature of the surface 
is above that of the air. 
Heat is dissipated by evaporation of 
water from the surface because the 
vapour pressure at the surface is above 
that of the air. 


3. In the area of catch of water, heat is 
dissipated in raising the temperature 
of the water from the temperature of 
the air to that of the surface. 


The effect of evaporation is to reduce the 
temperature substantially from that which 
obtains in clear air at the same temperature. 
This may be seen from Fig. 8, which shows 
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the temperature of the surface at a station 
on the wing of the NACA C-46 aeroplane. 
The mechanism of evaporation is the same, 


TEMPERATURE 


70 ry | oF 
60 


CLEAR AIR 


40 


30 
CONDITIONS OF ICING 


20} 


-10 10 
LOWER SURFACE UPPER 
DISTANCE ROUND SURFACE- PERCENT CHORO 
Fig. 8. 
Surface temperatures in clear air and conditions of 
icing. 


Air temperature -—-2°C. 


fundamentally, as that of convection, but the 
potential in the process, which corresponds 
tc the difference in temperature, increases as 
barometric pressure is reduced. For a 
surface temperature of around +5°C., the 
reduction in the rate of convection with 
height is balanced by the increase in rate of 
evaporation. So, for flight at constant 
indicated airspeed and constant air tem- 


perature, the total rate of dissipation of heat | 


does not change appreciably with altitude. 
But, the rate of heating diminishes with 
altitude, so the system must be designed for 
the maximum altitude at which conditions 
of icing will be encountered. 

The rate at which heat is dissipated, and 
at which the surface must be _ heated, 
increases with speed to a maximum which 
will be called the pessimum speed of flight. 


The reason for a pessimum speed is that a | 


change of speed produces two opposite 
eflects. As speed is increased, the rate of 
dissipation for unit difference in temperature, 
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between surface and air, is increased. But, 
the actual difference in temperature between 
surface and air is diminished by the action of 
kinetic heating. At speeds up to the pessimum 
the first predominates, above the pessimum 
speed kinetic heating predominates. The 
actual value of the pessimum speed depends 
upon the temperature of the surface and of 
the air. The effect of speed is illustrated in 
Fig. 9. 


oss? IR 20°C 
oF 
HEAT 
q 


200 300 600 700 


400 500 
SPEED, FEET/ SECOND. 


Fig. 9. 
Effect of speed of flight on the rate of dissipation 
of heat from a heated surface. 
Surface temperature +10°C., 20,000 ft. 


2.3.4. Conditions of icing against which 
to design. 


The severity of conditions against which to 
design the system depends upon the use for 
which the aircraft is intended. The matter 
must be left to some extent to the designer 
and to the operator of the particular aircraft. 

For the thermal system, the variable of 
primary importance in determining the 
severity of conditions of icing is temperature. 
The effect of concentration of water, above 
the small concentration required to wet the 
heated surface, is confined to the area of 


catch and has but little effect on the total 
heat required. In design, the important 
decision is the temperature of the air in 
which the system is to give marginal pro- 
tection against ice. The surface of the heated 
area is presumed to be fully wetted with 
water at this temperature so that the rate of 
evaporation is a maximum. The rate of 
catch of water is calculated on the assump- 
tion that the concentration of water, in the 
cloud, is the maximum which may occur in 
steady conditions of icing at the particular 
temperature of the air. This concentration is 
less, considerably less perhaps, than may be 
encountered momentarily in some types of 
cloud, but ice will form only in the area of 
catch and will be shed as soon as conditions 
ease. 

For the best quality of protection the 
conditions proposed are, an air temperature 
-—25°C., with a concentration of free water 
of 4 gram per cubic meter in droplets 20 
microns (0.0008 inch) diameter, at a height of 
20,000 feet. On routes such as the North 
Atlantic it may be advisable to specify a 
greater height, as icing conditions may be 
encountered up to 30,000 feet. The tem- 
perature of the heated surface, in the 
conditions specified, should be +5°C. over 
the forward half of the area and +10°C., 
or more if possible, over the rearward half. 


2.3.5. Methods of heating. 


The parts of an aircraft to be protected 
may be heated by any method which is con- 
venient. The method which has been tested 
in flight is to heat the surface by a stream of 
air which is heated in exchangers on the 
exhaust of the engines. In some designs, 
combustion heaters are being used. The 
choice largely is a matter of expediency. 

The weight of the thermal system varies 
with the size of the aircraft; it decreases, in 
proportion to the gross weight, the larger the 
aircraft. For an aircraft of 50,000 Ib. gross, 
the weight of the thermal system is about 
one per cent. of the gross weight when 
exhaust heat exchangers are used. Of this, 
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almost one-half is the weight of the heat 
exchangers, so that the elimination of the 
exchangers would represent an important 
gain. This can be achieved if a mixture of 
exhaust gas, from the engine, and air is used 
as a heating medium. This method is 
untried, and it cannot be recommended for 
regular use until it has been _ tested 
experimentally. 

In the case of the petrol engine, there may 
be difficulties on account of the lead com- 
pounds and free bromine in the exhaust. 
The method appears particularly attractive 
in the case of the turbine engine when the 
exhaust should be quite clean. 

With exhaust heating it is necessary to 
provide cross-over ducts between engines so 
that in the event of failure heat can be 
supplied from another engine. This is a 
matter of some difficulty in the case of the 
engines which supply the outer wings. With 
combustion heaters, there should be duplica- 
tion so that complete failure of a part of the 
heating system shall be avoided. 

2.3.6. Description of the air - heated 

system. 

When air is used as the heating medium 
it is taken in through a forward-facing scoop, 
passed through the heat exchanger, is ducted 
to leading edge section of the wings or 
empennage and, finally, is discharged to 
waste through the control gap or elsewhere 
as may be convenient. The actuating 
pressure is equal, roughly to 4pV?, with V the 
speed of flight. 

The system consists, fundamentally, of two 
heat exchangers in series; in the first, heat is 
transferred to the air, in the second, it is 
transferred from the air to the surface which 
requires heating. It is evident that the 
required rate of transfer of heat will not be 
obtained unless the system is designed so as 
to have the correct resistance to the flow of 
air. This is important. It is important, also, 
in the interest of efficiency, that the resistance 
to flow, as far as practicable, should be used 
to promote the transfer of heat. The 
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resistance of ducting is useless and should be 
kept to a minimum by careful design. 

A typical arrangement of the heating 
system, that on the NACA C-46 aeroplane, is 
shown in Fig. 6. The heated air is 
distributed along the leading edge of the 
wings and empennage by a D-shaped duct 
formed inside the inner skin by a baffle at , 
about the 6 per cent. chord position. From 
the duct, it flows through passages formed 
between the inner and outer skins, Fig. 7, 
passes through holes in the webs of the spars 
and is discharged through the control gap. ! 

The arrangement of the wing is different 
from that shown in Fig. 7 in so far as a liner 
is fitted to the inner surface of the nose ribs 
in order to reduce the resistance to airflow. 
The liner also prevents the loss of heat, which 
otherwise is appreciable, from the air as it 
flows along the duct. 

There are two heat exchangers on each 
engine with an output of the order of 400,000 
BTU/hour (220,000 CHU/hour) each The 
two inboard exchangers supply heat to the 
inner wings, the empennage, and for cabin 
heating; the outboard exchangers supply heat 
to the outer wings. Heat is supplied at a rate 
of about 10,000 BTU/hour per foot span 
(5,600 CHU) to the heated surfaces. About 
60 per cent. of this is dissipated in the heated 
area. A complete description of the aircraft, 
and of the tests which have been conducted, 
will be found in references 7 and 8. 


2.3.7. Heat exchangers. | 

The heat exchangers used in flight may be , 
divided into two types, the plate-type and 
the tube-type. In the plate-type both the ? 
air and the exhaust gas flow through flat | 
rectangular passages. In the tube-type the 
gas flows through tubes and the air across 
them, the tubes being circular. In both types 
the flow of air is in a direction transverse to 
that of the exhaust gas. Intermediate types 
of exchanger using flattened or oval tubes | 
have been tested on the bench. Particulars 
of the designs and the results of tests are 
given in reference 9. 
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The material used in the exchangers is 18-8 
stainless steel, and the characteristic thick- 
ness is of the order of 0.03 inch. A number 
of exchangers of the tube-type have been 
tested in flight and exceeded 1,000 hours 
without failure; this with the full flow of 
exhaust through the exchanger during the 
period. These exchangers were designed 
and made by the Stewart Warner Corpora- 
tion. The plate-type would be expected to 
have a life of about 500 hours with repairs 
during this period, but with improvement in 
design a life comparable to that of the rest 
of the exhaust system should be obtained. 

The output from an exchanger is reduced 
as the density of the air diminishes with 
altitude. The change in output will vary 
somewhat with the design of the exchanger 
but that shown in Fig. 10 is representative. 
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Fig. 10. 


Effect of altitude on output from heat exchanger 
on engine exhaust. 


2.3.8. Temperature of the structure. 

The strength of the wing, or empennage, is 
affected by heating the leading edge section. 
There is the direct effect of temperature on 
the strength and elastic properties of the 
materials. There are the thermal stresses 
caused by inequalities in temperature 
between different parts of the structure, and, 
i any particular member, between different 
parts of the member. And, there is the effect 
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on the corrosion-resisting properties of the 
materials, once they have been overheated. 
The gross effect of heating the leading edge 
section, apart from the normal stresses to 
which the structure is subject, will be to cause 
compression in the leading edge, tension in 
the urtheated parts immediately behind, and 
compression in the rear parts of the structure. 
This general pattern of stress is modified, 
considerably, by local stresses induced by 
local inequalities in temperature. These 
inequalities in temperature are between the 
parts inside the skin, such as ribs, stringers 
and the like, and the skin. They are caused 
by the thermal resistance of the riveted 
joints. The main part of the structure is in a 
zone where the temperatures are low, so that 
its strength practically is unaffected. In the 
leading edge the temperatures are sufficiently 
high to require consideration in detail. 
From the thermal standpoint, the parts of 
the internal structure may be regarded as fins 
attached to the outer surface. These receive 
heat by convection from the heated air and 
conduct it to the outer surface from which 
it is dissipated. The major resistance to the 
conduction are the riveted joints. A method 
of calculating the temperature of the 
structure is given in reference 1 (section 70); 
this is based on the measurements of 
temperature given in reference 10. 


In the area covered by the delivery duct 
at the leading edge it is possible, with air at 
150°C., to have a difference in temperature 
of the order of 30°C. between a rib and the 
adjoining sheet which forms the outer cover- 
ing of the wing. If expansion is restrained 
completely, a difference of 30°C. would 
cause a compressive stress of 6,780 Ib. /sq. in. 
Some measurements of stress are given in 
reference 10. 

Thermal 


stresses caused by unequal 


expansion are not confined to heated wings. 
In an unheated wing, they can be caused by 
a rapid change in the temperature of the 
environment such as may occur in a dive at 
high speed. 
study. 


The subject requires further 
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In designs, so far, the choice of the 
temperature of the heated air has been 
arbitrary. A temperature of 300°F. (154°C.) 
in air at O°F. (—18°C.) is customary, and 
this appears satisfactory. From the stand- 
point of the thermal efficiency of the heating 
system, a higher temperature would be 
advantageous if it can tolerated 
structurally. 


3. CONTROL SURFACES, TABS, AND 
FLAPS 
3.1. CONTROL SURFACES. 


If designed correctly, control surfaces 
should not require the positive protection 
against ice as must be applied to all forward- 
facing surfaces. The control surface is 
screened from ice by the fixed part of the 
wing or empennage ahead of it and requires 
no protection unless, by some feature of the 
design, the requirements for complete screen- 
ing are violated. 

Screening is complete when there are no 
projections from the smooth contour of the 
surface as a whole, and when the gap 
between the control and the fixed surface 
ahead of it is sealed. This requires a control 
surface with no aerodynamic balance and 
with a box-type of mass balance. The 
control surfaces of the C-46 aeroplane are 
of this type and there is not the slightest 
evidence, from the tests made by NACA in 
conditions of icing, to show that trouble from 
ice might be experienced, except perhaps 
from the balance weights. In this aeroplane, 
the boxes holding the weights are sharp 
edged and with changes in trim can project 
from the surface of the tail. This can be 
remedied by rounding the forward edges of 
the boxes. 

Balancing of control surfaces aerodynam- 
ically causes a flow of air through the gap 
between the control and the fixed surface 
ahead of it. Droplets of water will be 
carried into the gap and there is a risk that 
ice will form. If ice does form, it may cause 
overbalancing of the control or may jam it. 
The risk is less on a large aircraft than on a 
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small one. In the former the gap is large 
and ice forms at a lower rate, because the 
larger radius of curvature at the leading edge 
causes a larger proportion of drops to be 
deflected clear of the surface. 


Aircraft which have control surfaces 


balanced aerodynamically have been flown , 


in conditions of icing and there are no reports 
of trouble from icing of the controls, 
Whether trouble would have been 
experienced had the protective equipment of 
the aircraft as a whole allowed more pro- 
longed exposure to conditions of icing, is 4 
question. 

Icing of tabs should not be a problem if 
they are designed in conformity with the 
requirements for screening which have been 
outlined. Icing of the actuating arms and 
joints must be prevented by screens. 

No trouble has been reported from icing 
of flaps. The flaps are in use for such a 
short period that it is improbable that ice 
can form to a thickness sufficient to impair 
their efficacy. This may not obtain if the 
flap is fitted with a slat of narrow chord, as 
the slat will ice rapidly and a small amount 
of ice destroys its aerodynamic function. 

Mass-balances on control surfaces should 
be of the screened type. The exposed type of 
balance which projects on an arm from the 
surface is objectionable in every way, and 
is practically impossible to protect against 
ice. 

Designs in which the control surface is 
balanced by means of a horn at the extremity 
of the surface are unsafe in conditions of 
icing and should be avoided. Ice will form 
at the point of the horn and will lock the 
control. 


4. PROTECTION OF ENGINES 


The induction system of the engine is the 
one part of an aircraft where there is no 
choice as to whether or not it should be 
protected against ice. The induction system 
should be protected in such a manner that 
the power of the engine is unaffected by anv 
weather, however bad, which may be 
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encountered. This, so far as is known to me, 
has not been achieved, as yet, in any single 
instance. The history of protecting the 
induction system of the reciprocating engine 
is a history of makeshift devices, none of 
them really satisfactory and many of them 
unreliable. With this as a background, it 
behoves us to do better by the turbine engine. 
Protection must be ample, must be reliable, 
and must be built into the engine as part of 
the design. 


4.1. THE RECIPROCATING ENGINE. 


The induction system of the reciprocating 
engine should be protected in such a manner 
that ice cannot form under any conditions. 
It shouid be protected in such a manner, also, 
as not to impair the power of the engine. 
Taken together, these requirements neces- 
sitate a  forward-opening, full-ramming. 
system with complete protection for every 
part. This system will be considered in 
detail before proceeding to a discussion of 
systems which do not satisfy the require- 
ments. 

The range of conditions which cause ice to 
form is greater for the induction system than 
for other parts of an aircraft. In addition to 
ice which forms from water in the super- 
cooled state, ice can form in the vicinity of 
the throttle at temperatures up to about 
+5°C. It can form also from the 
refrigerating effect caused by the evaporation 
of fuel, on, and near, surfaces wetted by 
fuel unless these surfaces are heated. 
Evaporative ice can form at temperatures up 
to around +-25°C. It can be avoided by 
injecting the fuel into the eye of the impeller 
or into the cylinders. If this is impossible, 
all the surfaces which are wetted by fuel 
should be heated. The rate of heating 
necessary can be calculated by the method 
outlined in reference 1 (section 89). 

Throttle-ice is caused by the suction of the 
engine when flow of air is restricted. The 
increase in the velocity of the air caused by 
throttling is an adiabatic process. But the 
reverse, the retardation of the air at the walls 
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by the action of viscosity, is not. Heat is 
lost by diffusion with the result that the 
temperature of the walls is below that of the 
air at rest. The defect in temperature is 
increased by the evaporation of water from 
the walls when these are wet. The 
temperature of the walls may be calculated 
by the method of reference 4, and the rate 
of heating required to prevent ice may be 
calculated by the method given in Chapter 4 
of reference 1. 


4.1.1. Protection of the full-ramming 
system by heat. 

There are two methods of protecting the 
induction system by heat, by direct heating 
of all surfaces which are exposed, or by 
heating the air as it enters the system. 
Protection by heating the surfaces is the 
better because the density of the air at the 
supercharger is less affected; the air receives 
less heat and the system is not obstructed by 
the heat exchanger which is necessary if the 
air is heated. In what follows, it will be 
presumed that ice caused by the evaporation 
of fuel is avoided by injection into the 
impeller of the supercharger. 

Protection by surface heating requires a 
carburettor of the RAE-type. It is 
impracticable, it appears, to protect a 
carburettor of the Bendix-Stromberg type 
other than by heating all the air which passes 
through it. With a carburettor of the RAE- 
type, the system, virtually, consists of a plain 
duct obstructed only by the throttle and, 
perhaps, by turning vanes at the elbows. 

The method by which the rate of heating 
necessary to give protection in specified 
conditions of icing is calculated, is the same 
generally as for the heated wing. So, also, 


-are the methods by which the induction 


system may be heated. It will be necessary 
to use a double-skin construction throughout 
the entire system, the width of space between 
the skins being varied, as needed, to obtain 
the rate of heating required. 


4.1.2. Conditions against which to design. 
The induction system requires protection 
285 
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in extreme conditions of severity. | What, 
exactly, may be the constitution of extreme 
conditions of icing is a matter of conjecture 
at present but, in the case of protection by 
heat, the variable of primary importance is 
temperature. Icing has been reported at 
temperatures down to —40°C., and it is sug- 
gested that the heating of the induction 
system should be such as to prevent ice at 
least down to this temperature. The 
concentration of free water may be taken as 
1 gram per cubic metre, at —40°C., in 
droplets 20 microns diameter. 


4.1.3. Air heating and surface heating 
compared, 


The extent to which heating the surfaces, 
in the induction system, has the advantage 
over heating the air will depend on the extent 
of the wetted area in relation to the rate of 
flow of air. That it is always substantial is 
shown by an example which is worked out in 
detail in reference 1 (Section 87). In this 
example, the system is taken as consisting of 
a duct, 6 feet long, and 9 inches by 4 inches 
in section, containing 6 guide vanes and a 
throttle. The rate of heating necessary to 
obtain a temperature of 0°C. over the entire 
surface in air with a temperature, external 
to the system, of — 40°C. and 1 gram/cu. 
metre of free water, is 13,652 CHU/hr. The 
temperature of the air, in flowing through the 
system, is increased by 6.8°C. 


When the system is protected by heating 
the air, the rate of heating, with full allow- 
ance for the effect of kinetic heating, is 
48,000 CHU/hr. If resistance is neglected, 
and the air external to the system is at a 
pressure of 350 mm., the density at entry to 


the supercharger is 0.037 lb./cu. ft. as: 


compared with 0.042 Ib./cu. ft. when the 
surface is heated. 


4.2. METHODS OF PROTECTION IN CURRENT 
USE. 

The methods of protection in current use 

do not comply with the requirements as 
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stated earlier because the power of the engine | 
is affected. 


4.2.1. Sheltered intake. 


It is impractical to screen the intake in 
such a manner as to prevent, altogether, 
water from entering the system. A screen , 
separates water by deflecting the droplets, but 
when the droplets are small, as in cloud, 
separation is far from complete. It is easy 
to presume that an intake is screened because 
of its location. An example may be cited of 
an air inlet to an auxiliary power plant. This » 
was a flush opening in the side of the | 
fuselage, located well back. After flight in 
conditions of icing the entry was found to be 
half blocked with ice which had formed 
inside the duct. 


4.2.2. Ice guard. 

Ice guards consist of a wire screen placed | 
at the mouth of the induction system. The 
intention is that the screen shall be blocked | 
by ice and so protect the rest of the system. 
There are two serious objections to this — 
method. First, in severe conditions of icing 
at high temperatures in the range, a large 
quantity of water is carried through the 
screen, and may block the system or render | 
the alternative intake inoperative. Second, | 
when the screen is blocked, ram is lost and 
this condition will obtain for so long as the | 
temperature of the ambient air remains 
below freezing. It may last, therefore, for 
the whole of a flight. 


4.2.3. Heated air. | 

Heated air, which is drawn from behind ‘ 
the engine is used as a protection against ice _ 
of all types. Admission is controlled by a | 
shutter which in severe conditions of icing is 
apt to become frozen and immovable. The 
heated air gains its heat in part from cooling 
the engine and the rest from the exhaust in 
a crude exchanger. As a result, it enters the 
system at a pressure considerably below that 
of the cold air from the normal entry. There 
is, therefore, a double penalty to the power of 
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the engine; first from the increase in tem- 
perature, second from the decrease in 
pressure, at entry to the supercharger. In 
the conventional design, control is coarse and 
unsatisfactory as compared with that which 
could be obtained with a heat exchanger 
built into a full-ramming system, with control 
of heat to the exchanger. 


5, TURBINE ENGINES AND ENGINE- 
COOLING FANS. 

The turbine engine, if it is to be used for 
purposes of serious transport in all weathers, 
must be protected against ice. It should have 
the same quality of protection as is proposed 
for reciprocating engines—a quality such that 
the efficiency of the engine is not impaired 
by any weather which may be encountered. 
From this standpoint it is evident that 
engines of current design are, without 
exception, fair weather engines, and as such, 
are useless to the commercial operator. 

The problem in protecting turbine engines 
against ice is to protect the compressor, 
more exactly the compressor and the stone 
guard. The duct which carries air to the 
compressor requires protection, but this can 
be achieved by the methods used for the 
other parts of the aircraft and presents no 
particular problem. 

The range of conditions against which 
protection is required should be the same as 
for the reciprocating engine, namely from 
“35°C. to —-40°C. with | gram of water per 
cubic metre in droplets 20 microns diameter. 

The problem of protecting a compressor 
of the centrifugal type is so different from 
that of the axial type as to require separate 
discussion. 


5.1. 


PROTECTION OF THE CENTRIFUGAL 
COMPRESSOR. 
li is evident, from experience with 


reciprocating engines, that the centrifugal 
compressor is self-protecting to some extent. 
At the higher temperatures in the icing range 
Protection is by the heat generated in the 
In the zone of high pressure, 


compressor. 
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the air 
convection, both to the impeller and to the 
casing; it travels by conduction to the zone of 
low pressure where it is dissipated both by 
convection and by evaporation of water from 


heat is transferred from by 


the surface. The process is too complicated 
for the degree of protection to be determined 
other than by actual test. At the lower 
temperatures, it is possible that centrifugal 
force may be the primary means of protect- 
ing the impeller. At present, we do not know 
the extent to which self-protection may be 
adequate. On the assumption that 
additional protection of the impeller is 
required, there is no choice, it appears, 
except to heat all the air taken into the 
compressor. This should present no par- 
ticular difficulty. 

The real difficulty, so far as can be judged, 
is in protecting the stone guard. If the guard 
is of fine mesh, as appears necessary, the 
amount of heat required to heat it will be 
considerable—in effect it is a very efficient 
heat exchanger. There is, also, the practical 
difficulty of applying the heat. The 
alternative of protecting the guard by 
heating the air will require a great deal more 
heat, and this will affect the power of the 
engine appreciably. It would be a clumsy 
solution to the difficulty. The best solution 
of the problem of the stone guard would be 
to abolish the guard, and eliminate stones 
and other refuse by momentum-separation. 
At the mouth of the air duct, a heated grill 
can be substituted for the guard required, 
and this can be used as a distributor if air 
heating is necessary. The air should be 
heated by admixture with hot gas. 


5.2. THE AXIAL-FLOW COMPRESSOR, 

The axial-flow type of compressor is 
particularly susceptible to the effects of ice, 
and self-protection practically is absent. The 
conduction of heat, from the hot to the cold 
end of the compressor, is so restricted, by 
the thinness of the blading and by other 
features in the design, as to be ineffective. 
Experience with propellers shows how little 
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the rotor of the first stage will be protected 
by kinetic heating, and experience with an 
engine cooling fan shows how rapidly it may 
be blocked with ice. 

There are two methods by which the 
compressor can be protected; either by heat- 
ing all the surfaces on which ice will form, or 
by heating all the air which enters the 
compressor to a temperature above 0°C. 
The difficulties of heating the surfaces are 
formidable, to say the least, but the method 
should be investigated, as the effect on the 
power of the engine is smaller than if the 
alternative of air heating is used. In the 
compressor, it will be necessary to heat all 
the exposed parts, including the rotor ring 
and stator casing, to the stage at which the 
temperature of the surface is above 0°C, in 
the conditions of icing specified for the 
design. The air entry to the compressor 
must be protected fully and this applies to all 
parts from the mouth inwards, including the 
spinner and its supports. 

If protection is by heating all the air 
which enters the compressor, the problems 
are to supply heat in sufficient quantity and 
to design the mixing so that there are no 
cold spots. It appears practicable to heat the 
air by mixing with gas taken either from the 
combustion chamber or from the exhaust. 
This can be distributed by a grill at the 
mouth of the air-entry, and can be used to 
heat the surface in the vicinity of the mouth 
for as far back as may be necessary to 
prevent the formation of ice. A smooth 
control of temperature is required, and there 
are advantages in making this automatic. 


PROTECTION OF ENGINE-COOLING 
FANS. 

The fan used for cooling reciprocating 
engines, when located at inlet to the engine, 
should be protected against ice. This is 
particularly so in the case of fans which run 
at a low rate of revolution, and on which ice 
will grow to a considerable extent before 
being shed. Fans in which a stator ring is 
used must be protected, otherwise ice 


3.3, 
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accumulates and will block the stator 
completely. 

The fan can be protected by heating the 
blades either continuously, with the object 
of preventing ice, or intermittently, with the ' 
object of shedding it. It is practicable to 
heat the blades electrically and the require- 
ments should be integrated, as far as possible, 
with those of the propeller. 


~ 


6. PROTECTION OF THE 
PROPELLER 

It is necessary to protect the propeller | 
against ice in order to maintain the efficiency } 
of propulsion at a satisfactory level. Apart 
from this, the propeller should be protected 
in order to avoid the feelings of discomfort | 
and insecurity to the occupants of the 
aircraft, caused by the propeller becoming 
unbalanced and by the impact of ice against | 
the fuselage. | 

The propeller is naturally protected | 
against ice, to some extent, by the action of | 
centrifugal force, and by the effect of kinetic 
heating. Centrifugal force causes the ice to | 
be shed from the blades as soon as it attains 
a thickness such that the force on the ice ) 
overcomes its adhesion to the _ blade. 
Protection from kinetic heating is effective 
over a comparatively small range in 
temperature below freezing, because the 
kinetic temperature is reduced by evapora- 
tion of water from the surface of the blades. 
This is shown by the examples cited in 
section 4. 

The conditions of icing which cause a 
serious loss in propulsive efficiency are those 
which produce rough glaze ice, and which 
are characterised by a high concentration of 
free water. These conditions may be 
encountered at air temperatures down to 
-—20°C. Rime ice grows forward from the 
area of catch of water, and except for an 
increase in chord the effect aerodynamically 
is very small. Rime ice is characteristic of 
conditions of icing at low temperatures, and, 
so far as is known, no protection is required 
other than that provided naturally by the 
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rotation of the propeller. Thus, the range of 
conditions for which protection must be 
provided is comparatively restricted. 

Within this range, protection should be 
such as to hold the efficiency of propulsion 
to within some specified limits. It is 
uneconomic, it appears, to provide a degree 
of protection such as to prevent, altogether, 
the formation of ice. In the tests which have 
been made in conditions of icing in flight, 
the efticacy of protection has been judged 
only by visual observation of the condition 
of the blades. There is, therefore, no 
quantitative measure of what has been 
achieved. The improvement in condition is 
substantial as compared with that of the 
unprotected propeller, and it is evident that 
whatever may be the economic level of 
protection, it can be provided. 

The methods of protecting the propeller 
are: by a fluid such as alcohol, or by heating 
the blades, either continuously or inter- 
mittently in a regular cycle. Heat is the 
better method. In the fluid system, the 
problem of distributing the fluid along the 
blades has not been solved in a satisfactory 
fashion; the problem, in fact, may be 
insoluble. It has the disadvantage, common 
to all chemical methods, that protection lasts 
only for so long as there is fluid in the tank. 


6.1. 


The method of protection most generally 
in use at present is to discharge alcohol or 
other water-soluble substance along the 
blades. Alcohol, in sufficient quantity, will 
prevent the formation of ice simply by its 
depressant effect on the freezing point. In 
lesser quantity, ice forms as a paste con- 
sisting of crystals and a concentrated solution 
of alcohol. The adhesion of the paste to the 
blades is lower than that of pure ice, so that 
itis detached by centrifugal force at a smaller 
thickness. It is probable that the exact 
thickness depends upon the proportion of 
alcohol to water and upon the temperature 
locally on the blade. 

The problem, in the fluid system of 
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protection, is to distribute the fluid along the 
blades. The fluid, if it is to have the proper 
effect, should mix with water as it strikes the 
blade in an amount which is appropriate to 
the rate of catch of water. It is not sufficient 
that parts of the blade should be just wetted 
with fluid. The method of distributing the 
fluid is by a groove along the leading edge 
of the blade. Although it is much superior 
to any other method which has been tried, 
this is not entirely satisfactory. It is wasteful 
of fluid, and there is an element of chance 
in its functioning. 

The dimensions of the groove have been 
found by trial to suit propellers of 114 feet 
diameter, with blades having an easy taper 
outwards from the shank. It is evident from 
experience that changes in dimensions are 
required if the size of the propeller, the 
normal speed of rotation, or the shape of 
the blades is markedly different. 

It is the practice to use a rubber shoe 
cemented to the blade rather than to cut a 
groove in the material of the blade. The 
shoe is less easily damaged than a groove 
cut in metal, and when damaged is replaced 
easily. 


6.2. THERMAL SYSTEM. 


In the thermal system of protection, it is 
usual to heat the blades electrically. An 
alternative, which can be applied only to 
hollow metal blades, is to heat them by a 
stream of heated air which is passed through 
the blades. There are difficulties in heating 
by air which have not, as vet, been overcome 
satisfactorily. 

With electric heating, heat is supplied by 
means of rubber pads which are cemented to 
the blades. The pads consist either of a 
layer of conducting rubber, protected and 
insulated by a covering of Neoprene, or of a 
grid of wires embedded in rubber. Current 
is supplied either from a generator which is 
carried on the hub of the propeller, or 
through slip-rings from the main generators. 

A practicable method of heating the blades 
of a propeller was first evolved in the 
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laboratories of the National Research 
Council of Canada. This has been subjected 
to test, under the direction of the Council, in 
natural conditions of icing in flight. In the 
N.R.C. design, the pad has a total width of 
6 inches, with a loading of 4 watts/sq. inch 
for a width of 2 inches along its centre and 
of 2 watts/sq. inch elsewhere. The pad is 
mounted symmetrically about the leading 
cdge of the blade. The pad is designed for 
metal blades in which the distribution of 
heat is modified, to a considerable extent, by 
conduction through the blade. This design 
gives a very fair measure of protection, but 
it appears probable that more heat will be 
required to deal with icing at the lower 
temperatures. Tests are proposed on an 
alternative design, with increased loading, 
and with a redistribution of heat. 

Protection by intermittent heating, in a 
regular cycle, has been mentioned. This 
method is relatively untried but it seems to 
have some advantage over continuous heat. 
The power required is smaller but the 
advantage is obtained at the sacrifice of 
some efficiency of propulsion, because ice 
forms on the blades in the unheated part of 
the cycle. It is evident that the saving in 
power will be substantial only if the heating 
elements are efficiently insulated, thermally, 
from the blades, and if the thermal inertia 
of the elements is small. | Otherwise, the 
input necessary will approach that required 
for continuous heating. 
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DISCUSSION 


Mr. K. T. Spencer (Ministry of Supply. 
Fellow): By his outstanding work Mr. Hardy 
had put the development of protection 
against aircraft icing on to a systematic 
scientific basis. It was a peculiarly difficult 
subject to study because of the difficulty of 
getting atmospheric icing conditions when 
and where they were required for experi- 
mental purposes, and of ascertaining with 
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scientific precision the severity of icing con- 
ditions when they did occur. 

_ Aircraft de-icing equipment might be tested 
by flights in icing conditions on Monday and 
might be highly successful, whereas on the 
following Wednesday, under apparently 
identical conditions, it might fail miserably. 


— 
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Not only did that difficulty of measuring | 


accurately the effectiveness of icing safe- 
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guards beset the research worker, but there 
was the added inconvenience and discomfort 
of making flights in icing conditions. 


With the exception perhaps of a few of 
his colleagues in America, Mr. Hardy pro- 
bably had to his credit more flying hours in 
serious icing conditions than any other 
scientist, and he was now in an unrivalled 
position for directing icing research work. 


Much remained to be done. They were 
still unable to specify with confidence the 
atmospheric icing conditions for which icing 
safeguards should be designed. It would 
not be possible to specify what might become 
known, on the analogy of the international 
standard atmosphere, as the international 
standard icing atmosphere until they had 
collected statistics of icing conditions 
actually encountered during many hundreds 
of flying hours. Only then would they be 
able to predict with confidence the proba- 
bility of encountering on any given route 
icing conditions of a given standard of 
severity. 


The kind of research needed for arriving 
at the contemplated specification of a stan- 
dard for icing safeguards had much in 
common with the research which had been 
proceeding for many years in connection 
with atmospheric gust. In both the icing and 
gust fields the first need was to design a 
simple aircraft instrument for recording the 
statistical facts; the next step was to collect 
the statistics; and finally there was the task 
of working out from those statistics a prac- 
ticable design criterion which represented 
the right compromise between the need for 
saving weight and the need for making acci- 
dents and near accidents caused by gusts or 
icing so infrequent as to be negligible. 


In the gust field the V.G. recorder met the 
first need. They had _ statistical records 


obtained by means of that recorder during 
many hundreds of flying hours, and already 
they had international agreement on the 
degree of gustiness for 
designers must provide. 


which aircraft 
But in the icing 


ICE 


field the first step had not yet been taken. 
The devising of a statistical recorder for 
icing severity still lay in the friture. 

Before progress could be made precision 
must be given to the term “icing severity.” 
Mr. Hardy’s paper listed the parameters on 
which severity depended. The atmospheric 
parameters were temperature, total moisture 
content, drop size, and the proportion of the 
total water content which consisted of ice. 
The other significant parameters were air- 
craft speed, the absolute size of the aircraft 
component exposed to the icing atmosphere 
and, lastly, the particular method of protec- 
tion under consideration—heat, chemical or 
mechanical. 

The need was to devise a simple and light 
statistical recorder for recording those para- 
meters or suitable combinations of them 
during ordinary routine flying along the air 
routes of the world. | He emphasised the 
words “ordinary routine flying,” because for 
design purposes they wanted to know the 
conditions which aeroplanes did in fact meet 
in ordinary service, and not the freak con- 
ditions which they could meet if a test pilot 
set out deliberately to find the worst possible 
conditions. The worst possible icing condi- 
tions were of no more interest to the aircraft 
designer than were the worst possible gust 
conditions; it was the worst conditions 
actually encountered during routine opera- 
tion that they were concerned with, and the 
essential key to that information was a 
statistical icing severity recorder. 

Another reason why better information 
was needed on atmospheric icing conditions 
was that it would render those conditions 
reproducible with sufficient accuracy in the 
laboratory. It was a truism that laboratory 
work could be very misleading unless it were 
properly related to full-scale work. The 
absence of a satisfactory link between 
laboratory and full-scale work had in the 
past seriously delayed the use of heat for de- 
icing wings. Tests made in an icing tunnel 
some years ago had shown that the whole 
wing had to be heated: heating the leading 
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edge only was worse than useless because 
that increased the rate of ice accumulation 
towards the trailing edge. It had been con- 
sidered at that time—and the correctness of 
this view was confirmed by a specific state- 
ment in Mr. Hardy’s paper—that it would 
be impracticable to protect the wing by heat 
if it were necessary to protect the whole of 
the surface. | Hence the use of heat was 
turned down as impracticable. It was only 
the accumulating evidence from the U.S.A. 
and Germany that had shown that conclu- 
sion to be wrong; meanwhile, much valuable 
time was lost. That unfortunate episode was 
a consequence of the wrong icing conditions 
having been reproduced in the laboratory. 

The basic pressing need was to discover, 
by collecting statistical records, what the 
critical icing conditions were for which 
design provision must be made. The field 
was wide open to scientific inventiveness; 
and he hoped that one of the consequences 
of Mr. Hardy’s paper, and the discussion on 
it, would be to stimulate more people to set 
their inventiveness to work on devising a 
statistical icing severity recorder. 


Mr. F. Radcliffe (Handley Page Ltd., 
Fellow): With the publicity given recently 
by the press to the need for safety precau- 
tions in civil aircraft, Mr. Hardy’s paper was 
timely, indicating as it did the problems 
concerned with icing both on current and 
projected aircraft. Until comparatively 
recently they had tended to shelve the res- 
ponsibility for fitting de-icing equipment. 
Clearly that could not be the case from now 
on, otherwise civil aviation would be, at 
best, a fair-weather means of transport. 

The North Atlantic route, which was of 
particular interest to this country, would 
have to be flown in all weathers and should 
not present nightmare conditions to the 
operating crew. America hoped to make the 
complete de-icing of aircraft mandatory by 
January 1948, but the indications were that 
that would not be possible. They might do 
worse in this country than to set a target 
date for their own main air transports; that 
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would give the subject its recognised 


importance. 


Would Mr. Hardy armolify his remarks | 


concerning the protectici1. cf wind screens. 


At present a civil transport required a wind | 


screen wiper, glycol spray, clear vision open- 
ing, and a detachable heated panel. That 
represented a very untidy state of affairs, 
and surely was capable of improvement. The 
electrically heated screen had attractions, 
and it would be instructive to know the 
opinions of pilots on the use of that screen. 

Also, would Mr. Hardy amplify the state- 
ment in the first sentence of the third 
paragraph of section 1.1 of the paper? It 
was difficult to appreciate why the droplets 
increased with height due to a decrease of 
temperature with height, for later in the same 
paragraph it was stated that the size of drop- 
let would diminish as the average tempera- 
ture of the cloud decreased. 

The rate of icing was shown by Mr. Hardy 
to be a function of the fineness of the L.E. 
radius of an aerofoil. That was significant 
when they thought about it in terms of high- 
speed laminar flow aerofoils. 

On fluid systems for de-icing wings, he 
believed it was usual to deliver the liquid to 
the leading edge through porous metal strips 
which were inset in slots in the leading edge, 
and not through slots. But if, as Mr. Hardy 
had stated, the liquid system were inade- 
quate, he wondered whether the cost and 
weight involved (592 1b.) in installing the 
equipment was justifiable. The figure of 
592 lb. was the weight involved in the case 
of the Hermes. It was known that unless 
the fitting were very carefully carried out, 
the loss in Cymax could be very large (0.5), 
and the doubtful advantages could easily be 
outweighed by the increase in stalling speed, 
and hence safety speed, due to imperfections 
in the leading edge profile after months of 
use. Actual experience with fluid de-icing 
was scanty, and it would be useful if Mr. 
Hardy could give any facts concerning the 
equipment under icing conditions. 

The weight of existing fluid de-icing 
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schemes was appreciable, which rendered 
the thermal scheme attractive, especially if 
heat could be taken direct from the exhaust 
gases and mixed with air as the heating 
medium. He pressed for experimental tests 
to prove Mr. Hardy’s contentions, for clearly, 
if he were correct, which seemed reasonable, 
they should be able to make a definite 
advance in de-icing technique. He believed 
the Junkers 188 had adopted that scheme to 
some extent; perhaps Mr. Hardy had details 
of its use. 

In paragraph 2.3.7 of the paper the thick- 
ness of heat exchangers in stainless steel was 
given as 0.03 in. That seemed extremely 
heavy, and he would have expected some- 
thing very much less than 22 s.w.g. to be 
used. Would Mr. Hardy say why, for 
example, 30 s.w.g. (0.0124 in.) would not 
have served equally well? 

Mr. Hardy had set the designer quite a 
problem when, in paragraph 3.1, he had 
suggested control surfaces without aerodyna- 
mic balance and that a sealed gap should be 
used. If that were substantiated by tests it 
would make power - operated controls 
imperative on practically all types of air- 
craft. At present that would mean changing 
one set of problems for another, which was 
even more difficult of solution in some 
respects. 

Mr. Hardy had rendered the aircraft 
designer and operator a great service in 
placing before them so clear a statement of 
what was implied in the protection of air- 
craft against icing. It had come as a 
challenge for them to take up and_ by 
careful development work, put de-icing 
equipment on a sound engineering basis. 


Mr. W. C. Clothier (Ministry of Supply): 
He welcomed the enthusiasm for the subject 
of de-icing which the meeting had disclosed. 

In 1935 he was privileged to address the 
Society on a similar subject, i.e., the icing of 
engine carburettors, and he believed he 
could say without boasting that in his paper 
he had presented sufficient data to enable the 
Problem to be solved in a satisfactory man- 


ICE 
ner. Yet in the early war years they had 


been seriously troubled by carburettor icing; 
he wondered why? 


Looking back, he could not escape the 
conclusion that it was due to lack of appre- 
ciation by designers of the importance of 
the problem, with the result that insufficient 
effort was made at the right level to apply 
the results of the work he had described. 


If he might be forgiven for saying so, there 
was a feeling that the problem had been 
invented by the R.A.E. for the joy of solving 
it, and he suggested seriously that they must 
guard against making a similar mistake 
to-day. 

Looking through the discussion on_ his 
paper, he had noted that speakers had ques- 
tioned the reality of the trouble and had 
referred to the relative infrequence of its 
occurrence. The experience of Bomber 
Command during the war had shown that 
aircraft based on this country, if required to 
operate in all weathers, must be prepared to 
encounter ice. Yet, in spite of that experi- 
ence, and in spite of airline operators’ 
reports, he still found it difficult to get 
designers to give the problem the considera- 
tion it deserved; they asked to be allowed to 
solve some of their other problems first. 


He underlined Mr. Hardy’s statement that 
the equipment must be an integral part of 
the design of the aircraft, and urged that that 
included equally the engines. The problem 
must be borne in mind from the inception of 
the design, and the best brains must be 
applied to the job. Only thus would be 
achieved real ice immunity on aircraft. 

He could not agree entirely with Mr. 
Hardy’s statement about ice guards; they 
had proved of considerable value during the 
war when used on aircraft which themselves 
were not completely immune from icing. The 
region in which they were ineffective was 
between 0° and —5° C., but at lower tem- 
peratures they functioned satisfactorily. 

He agreed that the completely immune 
intake was the correct solution; but he was 
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anxious to avoid the impression that the ice 
guard was of little value. 


In paragraph 1.1 of the paper there was a 
reference to the harmlessness of ice crystals. 
Might not the addition of a little heat render 
them liable to stick to surfaces? A number 
of years ago a Northrop aircraft had experi- 
enced serious ice accretion on the body 
behind the single air-cooled engine, whereas 
the wings had remained free from ice. The 
air temperature was —14° C., and it was 
thought at the time that the engine heat was 
responsible for increasing the temperature to 
a dangerous level. Thus, it might be found 
that hot air methods of de-icing might not 
always give the desired results. 


On the question of sheltered air intakes, he 
agreed that they could not entirely remove 
free water by momentum separation, but it 
was possible to remove most of it; and it 
occurred to him that, provided that the entry 
mouth was de-iced, a modest temperature 
rise would cover the removal of the small 
quantity of water which did enter the 
intake. If the momentum device proposed 
to replace the stone guard, in paragraph 5.1, 
could be satisfactorily de-iced, it might be 
used to reiect the greater part of the free 
water, while retaining some of the ram. 


Experience on piston engines had shown 
that complete immunity from induction 
system icing could be achieved by the use of 
surface heating at negligible expense in loss 
of power. He agreed with Mr. Hardy’s 
statement in paragraph 5.1, that there were 
tremendous difficulties associated with the 
application of that method to the turbine 
engine, but made a strong plea to designers 
to aim at a solution along those lines, and to 
accept the use of hot air only as an interim 
solution. 


Mr. A. C. Clinton (Bristol Aeroplane Co. 
Ltd., Fellow): The large amount of heat 
available in turbine engines might be used 
for keeping the power plant in an airworthy 
condition, and the system could be self-con- 
tained in the power plant, thus avoiding 
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added complication. At present there was 
no flight experience with propeller turbines, 


but various schemes had been reviewed for — 


ducting hot air from the jet pipe, from the 
combustion chamber, or from over the hot 


part of the engine. One method which would | 
be attempted by the Bristol Company was > 


to adapt the circular mesh debris guard 
which covered the entrance of the Theseus 
compressor by making hollow strip sections 


through which hot gas could be passed, and | 


from which a controlled mixing with the 
inspired air could be obtained. 

The need for considerable flight testing in 
specially equipped flying test beds must be 
emphasised so that real icing conditions 
could be experienced. It was hoped that the 
establishment of the Winterisation Com- 
mittee would be able to expand the testing 
work in Canada. It should be borne in 
mind that although icing occurred readily on 
fast aircraft, it also formed on slow aircraft 
and had been the cause of forced landings; 
therefore slow-moving machines such as 
helicopters, observation craft, and personal 
types must be borne in mind for all-the- 
year-round operation. 

A further point in considering anti-icing 
was the need for the practical development 
of an ice warning device so that the pilot 
could take any necessary action. This was 
a difficult problem, because the same set of 
icing conditions did not affect aircraft sur- 
faces and engines simultaneously, but it was 
hoped that the Winterisation Committee 
would start active investigation. The lec- 
turer had produced a valuable record of the 
present position cf ice protection, and the 
deep thought he had given to development 
in the air as well as on the ground was 
especially valuable. 


Mr. F. G. Evans (Bristol Aeroplane Co. 
Ltd., Fellow): The need to take into account 
the icing problem ix the design of both the 
power plants and the aircraft from the begin- 
ning was emphasised by the following 
examples of the effect on engine and air- 
craft performance of loss of ram and of 
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intake air heating, such as might be incurred 
in providing ice protection. 


In a typical instance of a propeller turbine 
installation, if it were necessary to have an 
intake of a type involving loss of all the 
ram, the power would be reduced by about 
20 per cent. and the specific consumption 
increased by 7 per cent. to 12 per cent., 
according to conditions. As long as a for- 
ward facing intake could be retained, it was 


“estimated that only about 20 per cent. of the 


ram would be lost in this particular case, 
including 1 per cent. or 2 per cent. due to 
provision for introducing sufficient hot gases 
to raise the whole of the intake air to 0 deg. 
C. This would cause about 4 per cent. loss 
of power and about 2 per cent. increase in 
specific consumption, assuming the flight 
conditions were unaltered, but it should be 
noted that the provision of the anti-icing hot 
gases only accounted for about 1/10th or 
1/20th of this loss. 


Thus the direct effect of loss of ram on 
engine performance might be appreciable 
with some intake arrangements, but was not 
likely to be prohibitive in itself. A similar 
comment might be applied to the direct 
effect of heating of the intake air to 0 deg. 
C.; namely, that it might be considerable 
but not, in general, prohibitive. 


The indirect effects of these factors on the 
aircraft’s cruising speed and range might be 
considerable. This arose from the fact that, 
for long range, it was necessary to fly at 
maximum continuous power fairly near the 
ceiling of the aircraft in order to get the best 
cruising economy. In these circumstances, 
it was not possible to open the throttle 
farther in order to make good any loss of 
power, so the aircraft was forced to cruise 
at a lower altitude with consequent increase 
of specific consumption and reduction of 
cruising speed. 

Taking this into account, one example 
that was worked out indicated that the effect 
of heating all the intake air from I.C.A.N. 
temperature to 0 deg. C. for the whole of 


ICE 


the flight, neglecting the small additional loss 
of ram involved, would be to reduce the 
range by 16 per cent. and the cruising speed 
by 20 per cent. The corresponding loss of 
time and, more especially, of payload, 
would be serious in a long-range aircraft. 

This served to emphasise not only the fact 
that it was most desirable to avoid, if 
possible, heating all the intake air, but also: 
firstly, that it was necessary to have detailed 
knowledge of the conditions that might be 
met; and secondly, to take this into account 
in the overall design of the aircraft. For 
example, if by flying above a certain alti- 
tude it was possible to reduce the total 
duration of flying in icing conditions to a 
small fraction of the complete flight, the 
losses quoted would be correspondingly 
reduced. 

Was there data regarding the frequency 
and duration of icing conditions at the 
higher possible icing altitudes of, say, 30,000 
ft. and 36,000 ft. for various world routes? 
Would it be possible to navigate around icing 
regions above a certain altitude? 

An instance of the effect on aircraft design 
was that, since it would be necessary to 
meet the specified range with the anti-icing 
system in operation for the required period, 
during which the aircraft would be com- 
pelled to fly at a reduced altitude, the 
designer would have to assess whether it was 
worth while providing pressurisation for any 
altitude greater than this reduced figure. In 
the example already considered, heating all 
the air reduced the cruising altitude by about 
25 per cent. The effect of this reduction of 
altitude alone, without the air heating, would 
be to reduce the range by about 9 per cent. 
and the cruising speed by about 3 fer cent. 
If this case was now taken as the new datum, 
the effect of continuous full heating at this 
same reduced altitude would be to reduce 
the range by 8 per cent. and the speed by 
18 per cent. — a less serious operational 
change due to anti-icing. It would then be 
necessary to consider whether the weight- 
saving resulting from the reduced pressurisa- 
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tion would make this the best overall basis 
for the design. 

A question which he believed had not 
been included in the paper was that of ice- 
detection. As it would probably be difficult 
to ascertain promptly enough from the 
general functioning whether icing was setting 
in, it would seem essential to provide ice 
detectors which would probably have to 
bring the anti-icing system into operation 
automatically. Could the author indicate 
what was being done in this respect? 

Was there any information on_ the 
behaviour of rearward facing intakes under 
icing conditions? If not sufficiently immune, 
would they be satisfactory as an automatic 
alternative for a short period before some 
other anti-icing system could be brought 
into operation? 

Another condition to be considered was 
the opening-up of engines which had been 
shut down during gliding, and so on. No 
engine heat would then be available and 
some other method of ice protection would 
be required, unless at least one engine were 
maintained in operation and provision were 
made for supplying heat from this to the 
others. Provision would have to be made 
for the de-icing of any intake shutters 
employed in connection with alternative 
intakes or the shut-down engine case. 

With regard to obtaining heat from the 
engine, the following approximate figures 
might be of interest:—To extract heat from 
the exhaust by means of a heat exchanger 
would necessitate something more elaborate 
than a plain duct surrounding the tail pipe, 
as the latter would only provide a rise of 
the order of 10 deg. C. in a favourable case 
considered. Thus appreciable weight and 
back-pressure penalties would be involved if 
this method were employed. 

If, instead, some of the exhaust gases 
themselves were fed back to the intake under 
1L.C.A.N. conditions, about 8 per cent. of 
the gases would be required to give 0 deg. C. 
intake temperature at 20,000 ft. and about 
twice this proportion at 35,000 ft. The 
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pressure difference between the exhaust pipe 
and the intake would not always be in the 
required direction for feeding this gas. 


Alternatively, if some of the combustion 
gases were taken before entry to the turbine, 
these percentages would be roughly haived. 
The problem of the matching of the turbine 
and compressor would require careful atten- 
tion in this case. 

He had commented at some length on the 
effects of the icing question on the aircraft- 
engine combination, in order to emphasise 
his agreement with the author on the vital 
importance of giving serious attention to the 
problems involved from the broadest point 
of view and at the earliest stage in design, 
and in the belief that only by so doing could 
the inevitable price that would have to be 
paid to provide safety from icing be kept 
within quite reasonable bounds. 

A minor query he would like to add was 
about the position of the discharge of heated 
air from wings and tail surfaces. Had any 
work been done to show whether this dis- 
charge could be used to prevent icing of 
balanced control surfaces? 

Mr. A. G. Elliott (Rolls-Royce, Fellow): 
He had been strongly moved to contribute 
to the discussion by Mr. Hardy’s statement 
that protection against icing had never been 
achieved. To the best of his recollection, 
there had not been one single complaint 
during the enormous experience of flights 
during the war, when the oil-heated throttle 
had been in use, coupled with suitable heat- 
ing jackets on the induction system. 

He was open to contradiction on_ the 
matter; but if it were true, as he believed it 
was, it indicated that, throughout all the 
flying under the varying conditions of mili- 
tary operations, that system had provided 
protection. 

For civil operation, where the requirement 
had been to heat the air to 70° C., there 
were systems actually in operation which, it 
had been demonstrated, did meet that 
requirement. 

As to the need for giving the pilot some 
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control over the de-icing, to meet all the 
conditions that might arise, the pilot might 
find himself suddenly in trouble with icing; 
to overcome that trouble, he must be pro- 
vided with something in the nature of a 
torch—not an actual torch, of course, but a 
system which would enable him to apply 
sufficient heat to get him out of the trouble 
quickly. He would not need to maintain the 
application of that degree of heat for very 
long, nor would it be desirable for him to 
do so; but it was a necessary feature of any 
de-icing equipment. 

With the gas turbine, they were faced with 
entirely new conditions in view of the vastly 
increased volumes of air used and other 
factors consequent upon the different nature 
of the engine as compared with the piston 
engine. Work had already been done on 
systems which promised to be practicable, 
but the help of scientists such as Mr. Hardy, 
the staff of the R.A.E., and so on was needed 
to simulate the icing conditions which were 
actually experienced in flight, for the work 
occupied so much more time if they had to 
rely wholly on actual flight tests. He 
believed that the Americans were making de- 
icing experiments in tunnels; if a tunnel were 
a useful means of facilitating the work, then 
they should also have one. 

When the R.A.E. had put forward the 
snow guard or the ice guard, and it had 
become necessary to evaluate it, a machine 
was fitted up with the device and also with 
a water spray: by flying at the right height 
and in the right temperature conditions, they 
were able to ice up the guard and then de-ice 
it. They might be driven to some such rough 
expedient in making the initial tests on other 
systems: but in any case, the help of 
scientists, such as those of the R.A.E., was 
Vital. 


Mr. F. Pilling (Associate Fellow): Mr. 
Spencer had referred to the scientists at the 
R.A.E. having been led astray previously 
because they had been confused by their 
laboratory experiments; could Mr. Hardy 
give definite instances of turbine engines 
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suffering from icing conditions and, if so, 
could he describe those conditions? 


Wing Commander G. Lees (National Gas 
Turbine Establishment): He agreed that it 
was essential that protection against icing 
must be embodied in the design of aircraft 
and engines from the beginning. From one 
or two of the remarks made during the dis- 
cussion it might appear that the design work 
done during the war had overlooked the 
icing problem; but, although nothing had 
been done to guard against its difficulties, 
the problem was not overlooked. The point 
was that there were other problems more 
urgent in the development of turbine units 
under normal conditions. 

It was interesting to consider the loss of 
performance that would result from using 
the air available in the turbine to render the 
unit itself immune. It was obvious that if 
the existing units were to be rendered 
immune from icing, some price must be 
paid. For example, if it were assumed that 
they could sacrifice 10 per cent. of thrust, 
then for a given maximum _ temperature 
about 34 per cent. of the air mass flow at 
maximum speed could be bled off. Would 
that be adequate? 

Mr. Hardy had pointed out that the centri- 
fugal compressor did to a certain extent 
safeguard itself, by the heat transfer from 
the outer regions of the blower casing to 
the inlet. He would like to refer to some 
approximate temperature measurements 
taken in connection with an investigation 
into the cracking of external ribs, caused 
by temperature effects. The temperature of 
the casing at the inlet was estimated to be 
between 65° and 100° C. on the forward 
side; and on the other side the temperature 
was higher. Allowing for the lower ambient 
temperatures that would seem to indicate 
that, so far as the casing was concerned, no 
protection was necessary. The impeller, on 
the other hand, would present difficulties. 
Although the tip was scrubbed by hot gases, 
the sections of the vanes and disc were thin, 
so that conduction would be correspondingly 
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small, and the impression was that the tem- 
perature of the hub of the impeller would 
not be very far removed from the ambient 
temperature. Thus some protection would 
be required if icing were to be prevented 
there. 

The author had suggested the removal of 
the stone guard, but had also referred to the 
possibility of using the gauzes as a means 
of pre-heating the air. For the centrifugal 
compressor, he regarded that as the most 
satisfactory way of removing the icing 
danger. The provision of electrical energy 
in the larger aeroplanes, with independent 
power plants should not present any diffi- 
culty, but it would in a fighter. 

The experiment of making an alternative 
path through the stone guard was tried, but 
was not very successful. It was found that 
when both gauzes were covered, to simulate 
icing conditions, the maximum speed obtain- 
able was only 14,000 r.p.m. with a jet 
temperature of 667° C. and a thrust of 725 
Ib., as against 1,935 Ib. thrust with a jet 
temperature of 624° C. at full speed (16,750 
r.p.m.). With only one intake gauze blanked 
off, a thrust of 1,250 Ib. was obtainable with 
a jet temperature of 635° C. In view of the 
serious loss of performance, this method did 
not seem to be very promising. 

The axial compressor would present more 
difficulty, and the necessity for de-icing there 
was a good deal more urgent than in the 
centrifugal. The German method of using 
the intake casing as an oil cooler had possi- 
bilities, particularly for engines driving 
airscrews where there was a_ considerable 
amount of heat from the reduction gear. For 
the simple jet, the heat available was pro- 
bably insufficient. The nosepiece could be 
protected by an air bleed from the com- 
pressor, and the first row of stators could be 
protected by electrical heating. Alternatively, 
the heating could be done electrically by 
using the stone guard gauze. 

With the axial flow unit they were up 
against a difficulty; but it must be faced. 

Dr. E. W. Still (Rolls-Royce Ltd., Assoc. 
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Fellow): Mr. Hardy had accused the engine 
firms of doing nothing to protect their 
engines against ice. Unfortunately they 
had not had the benefit of Mr. Hardy’s 
American experience on this subject before 
the war started. Even now, although the 
paper was inclined to scare the public, there 
was still no definite statement available to 
engine designers as to how much hot air was 
required. 

He emphasised the point made by Mr. 
Elliott that, in the early stages of the war, 
when using the oil heated throttle and with 
25° of hot air through the carburettor, there 
was no trouble because of icing. There had 
been one particularly bad icing spell in which 
a large number of aircraft had come down: 
not one of those fitted with his Company’s 
engines had been in trouble caused by icing, 
although more than 80 other aircraft had 
been forced down from this cause. This 
example indicated that, by heating surfaces, 
they could manage with the use of very little 
hot air. 

On the other hand, there was a tendency, 
as Mr. Elliott had mentioned, to provide 70° 
in the hot air for civil operation; one aircraft 
which had used air heated to 70° had flown 
right through last winter without any snow 
guard. If a snow guard were iced up dur- 
ing the initial stage of the Atlantic crossing 
a lot of ram would be lost for a long time. 
For instance, in the early stages of the war 
some Mosquitos had flown home from 
Sweden through bad icing weather. The 
machines had reached home, but there was 
a complaint that they had lost 2 lb. of boost 
because the ice guards had iced up com- 
pletely. Were they overdoing it by providing 
both snow guards and excess hot air? 

Could Mr. Hardy say what was in fact 
the heat requirement? The regulations of 
the C.A.A. referred to 55° rise over 0° at 
two-thirds maximum cruising power. In 
England they had used originally 25°, but 
in the later stages of the war it was increased 
to 45°. The difficulty was to imitate the 
icing conditions likely to be experienced; if 
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they did not know the conditions, they could 
not very well effect a cure. Bomber Com- 
mand had had a squadron flying around 
England trying to find icing conditions dur- 
ing one winter, but he believed they had 
failed completely. Probably that was one 
of the reasons why England might be rather 


-backward in finding the answer so far as 


curing engine icing was concerned. 

During the early stages of the war an ice 
detector was fitted to a Bomber Command 
machine. There was a provisional report 
which had indicated that it was useful; but 
unfortunately the aircraft to which it was 
fitted was lost over Germany. In America 
there was a form of ice detector fitted in the 
wing, and he wondered if there was hope of 
having such indicators in England. Aircraft 
operators might run into icing at night with- 
out even knowing it, and that might be 
extremely serious. 

Suggestions had been made by some 
operators that an intake should be knife- 
edged. He had gathered from Mr. Hardy 
that that was not necessarily the right 
method of handling the icing question; but 
he would like to know whether Mr. Hardy 
thought it might be a solution to preventing 
the ice building up on the entrance of the 
intake, and whether this was really a 
problem. 

In conclusion, could the author state the 
amount of hot air required for the various 
types of popular carburettors, for example:— 
(a) Float Chamber types with and without 

heated throats and throttles. 

(b) Eye Injection types with and without 
venturis and with and without heated 
surfaces. 

(c) Cylinder injection. 


Mr. C. D. Holland (Handley Page Ltd.. 
Fellow), contributed: The lecturer had made 
out a strong case for the solution of the 
problem of the aircraft structure by thermal 
means. and it would appear that the next 
move was up to the engineering side of the 
industry. 

If the heating was to be obtained by 
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means of hot gases—engine exhaust plus air 
or hot air alone—the problem was a major 
one in wing design. Modern wing arrange- 
ments often incorporated integral or flexible 
fuel tanks, thus quite large areas of the wing 
would be almost entirely sealed off, and it 
was probable that additional ducting would 
be required to exhaust the “spent” gases, 
thereby adding further weight and complica- 
tion. 

From the remarks just made, it would 
appear that the electrical method of heating 
had many attractions, and not the least was 
the ability to distribute the heat precisely in 
the manner required. 

Before any engineering work could pro- 
ceed, it was essential to know the require- 
ments; it would appear that there was insuffi- 
cient information available at the present 
time to formulate these precisely, but if a 
uniform approach by all constructors was 
to be obtained, then a preliminary specifica- 
tion should be drawn up. 

Referring to the heat transfer side of this 
problem, the efforts of Mr. Hardy and his 
colleagues, as summarised in chapters 4 and 
5 of his report (Ref. 1 in his lecture) were 
adequate for their present needs, although it 
was evident that much still remained to be 
done. 

Fquations 25 and 26 of SME.3380, gave 
the local heat transfer for laminar and turbu- 
lent flow conditions respectively, whereas 
Martinelli in his report used the same expres- 
sions for the average rates of heat transfer: 
Martinelli then gave a secondary equation 
for finding the local rate of heat transfer, 
with the result that Martinelli’s method gave 
values of 0.5 and 0.8 respectively of those 
obtained by the S.M.E. report. Was this 
so, or were these differences due to his mis- 
reading of either or both of these reports? 


Capt. J. Dolezal (Associate), contributed: 
He gathered that all future systems of ice 
protectors were going to be anti-icing (e.¢., 
ice preventing) systems as against the old 
ones which were mainly of the de-icing type. 
This was, as he saw it, mainly governed by 
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the requirement of preservation of the most 
efficient aerodynamic form. Yet experience 
had shown that when flying at night, visual 
ice-detection was rather difficult and usually 
a fair amount of ice had already accumu- 
lated on the aircraft before the pilot became 
aware of that fact. 


Looking at the formula for the efficiency 
of catch, it seemed that modern fast aircraft 
(excluding probably the large class) would 
be more prone to rapid accumulation of ice 
than their slow, thick-winged counterparts 
of to-day. If the efficiency of the aero- 
dynamic forms were to be really preserved, 
then the most sensitive and efficient ice 
detection systems must be used. 

But even the best designed ice detector 


would warn the pilot only a short time ahead 
of the ice starting to form on wings and other 


parts. Unless they were to keep the anti- 
icing systems running as a_ preventive 
measure throughout whole sections of 


flight, detectors must be installed and also, 
the time taken from switching on the system 
until sufficient protection was attained, must 
be fairly short. Would the lecturer add a 
few comments on this point and if possible, 
give some illustrative figures on the time 
factors mentioned? 


During the war, there were some cases of 
engine troubles which, if he remembered 
rightly, were finally traced to carburettor 
icing. These cases happened when flying in 
clear air (over the sea at low altitudes). It 
had been said that conditions of humidity 
and temperature were such as to give rise to 
critical conditions in the carburettor, where 
ice (he would imagine of the rime type) sub- 
sequently started to form. From the pilot’s 
point of view these conditions were almost 
unpredictable and most disconcerting. 


It seemed that with gas turbines they 
would be relieved of carburettor troubles, 
but was it not possible that a problem of a 
somewhat similar nature would arise? If 
that should be so, then with the vast amounts 
of air handled it would certainly pay to have 
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a proper detector installed to warn the pilot 
in time. 

Mr. J. J. Bukovsky, Ing.C. (Companion), 
contributed: During the war, after the clos- 
ing of the University in Prague by the 
Germans, he had been sent to Germany and 
there had the opportunity of seeing some 
experiments in the protection of aircraft 
against ice. 

Special test flights were made with a 
Junkers Ju 52 by the D.V.L. (Deutsche Ver- 
suchanstalt fiir Luftfahrt). Above the fuse- 
lage was mounted a small exchangeable wing 
provided with different de-icing systems:— 

(1) Wing with mechanical system of de- 

icing. 

(2) Wing with fluid protection. 

(3) Wing with heating system. 

About 14 yards in front of the leading edge 
of this “wing” was a water-ejection system 
which ejected small drops of water in the 
form of fog or rain against the wing. 
Mounted in the roof of the cabin of the 
Ju 52 was a camera to record the state of 
the icing and de-icing tests. 

The advantage of this method was that it 
was not necessary to wait or to find the 
“icing-areas,” a difficult quest dependent on 
the weather. The results gave a good com- 
parison of the efficiency of the different de- 
icing systems. The greatest advantage was 
that there was no danger for the testing air- 
craft. Many flights were made at different 
heights and under different conditions, 
although the “icing” was only possible at 
heights where the temperature was below 
0° C. The flights were discontinued at the 
end of 1944. 

He had no figures of the results but he 
thought that some had been published in 
the “Nachrichten der D.V.L., 1943-44.” He 
wondered whether this method of testing to 
find a suitable system for protection against 
ice was as good as it seemed. 

Wing-Commander A. S. Hughes, contri- 
buted: Mr. Hardy condemned fluid de-icing 
as not having been properly tested in flight, 
and as needing, when used with the slotted 
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type of distributor, great quantities of liquid 
if it was to function effectively. 

His experience in the R.A.F. during the 
war made him feel that this was too sweep- 
ing a statement. As Engineer Officer in 
Bomber Squadron No. 214, he was respon- 
sible for servicing some 16 Wellington 
bombers fitted with liquid de-icing. The dis- 
tributors consisted of two fabric wicks fitted 
into two recesses in the wing and covered by 
steel plates, which left four narrow slits from 
which the de-icing liquid exuded. 

During the months he was associated with 
these aeroplanes, they frequently got through 
and bombed their targets when other air- 
craft in the same sortie, but not fitted with 
fluid de-icing, had to return to base because 
of icing troubles. During the whole time he 
was with them, he thought he was correct in 
saying that not one of them had to return 
to base because of icing troubles. 

As all these flights were at night the 
presence or otherwise of ice on the wings 
could not be seen, but in many of the reports 
there were statements of heavy ice accretion 
on windscreens. Yet they had no trouble in 
making and keeping height. The quantities 
of liquid used were small, only such as were 
used in the first system mentioned in para- 
graph 2.2 of Mr. Hardy’s paper, and a thin 
film only was given over the aerofoil. Among 
the many reported cases of icing that forced 
the other untreated aeroplanes to return, 
there must have been many occasions when 
the ice protection should have failed if the 
de-icing liquid had had to depress the freez- 
ing point of all water encountered. 

The unsuitability of fluid de-icing was 
based chiefly on wind tunnel tests, but see- 
ing the misleading results Mr. Spencer said 
these gave in respect to heat de-icing, and 
the considerable success they had with the 
Wellington bombers, he did not feel that 
fluid de-icing could be lightly dismissed. 

The reason that no more aircraft were 
fitted with fluid de-icing was not because they 
were not satisfied with its performance, but 
because the manufacture of the special fit- 


ICE 


ment necessary to carry the distributor would 
have so upset mass production that it would 
have reduced considerably the number of 
aircraft that could be produced. As the use 
of de-icing paste gave sufficient protection 
against ice that the aeroplanes, although they 
could not sometimes reach their target, could 
still return to base in safety, it was decided 
not to proceed farther with the fluid de-icing 
until after the war. 


MR. HARDY’S REPLY 


Mr. Spencer: He endorsed his remarks on 
the necessity for further knowledge of the 
meteorological conditions which might be 
encountered in flight. The range of possible 
conditions was extensive, and he could claim 
only a small experience. For design pur- 
poses they needed precise knowledge; at the 
present time it was possible to make sugges- 
tions which appeared to be quite sensible 
and which were in fact based on actual 
measurements, particularly those made at 
Mount Washington, in America. 

There were enormous difficulties in devis- 
ing the type of instrument suggested by Mr. 
Spencer. The droplets, of the size of a few 
ten-thousandths of an inch, were difficult 
enough to measure under the best conditions 
in a laboratory; the conditions in flight, and 
in particular the speed of flight, made it 
almost impossible to achieve really accurate 
measurement. A great deal of thought had 
been given to the problem, and he hoped 
that somebody might be stimulated to make 
suggestions as to how to make a start. 

In his verbal reply to Mr. Spencer, he did 
not challenge his statement about the tests 
of a model heated wing in the icing tunnel, 
because the tests were made before he was 
concerned with icing at the R.A.E. 

Mr. Spencer’s recollection of these tests 
was in error. They were made in 1940, and 
the conclusion drawn, namely, that it would 
be necessary to heat the whole surface, 
although not strictly correct, was nearly so 
for an aerofoil of the size used. What was 
missed was the effect of scale—a defect in 
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understanding not in technique. This, how- 
ever, did not retard progress; a full-scale 
heated wing was in process of design at the 
time. The real reason for the delay in 
getting the thermal system into use in this 
country was that they, as a nation, were 
interesting themselves in another matter in 
the years 1939—1945. 

He had taken the liberty of correcting Mr. 
Spencer in order that tests in icing tunnels 
should not be discredited. The understand- 
ing which work in the tunnel had given, both 
of the physical processes involved in icing 
and of the functioning of methods of protec- 
tion, made the work in this country a worthy 
counterpart to that carried out in flight in 
the U.S.A. 


Mr. Radcliffe: Since writing the paper he 
had regretted that he had not included a 
small section on the subject of windscreens: 
he had left it out because it had seemed to 
him that it would have made the paper too 
long. There were various methods of pro- 
tecting windscreens, but none of them was 
entirely satisfactory. The most promising 
method appeared to be to heat the screen 
electrically; the Germans had developed a 
method of using extraordinarily fine resist- 
ance wires embedded in the screen, and he 
believed it would probably prove to be 
satisfactory. There was also news from 
America. of a transparent conducting 
material; if that were true it would be the 
ideal solution to the problem. They could 
specify quite accurately the heat that was 
required; the difficulty was the purely prac- 
tical one of applying the heat. 

He was sorry for the confusion in regard 
to the size of drops in relation to tempera- 
ture in clouds. He had wished to make it 
clear that the average size of drop and the 
average temperature was involved in the one 
case, /.e., that of a number of clouds, and in 
the other case, the change of concentration 
in one cloud when going upwards through it. 
Their knowledge of the concentration of 
water was based on the observations made 
at Mount Washington and included all con- 
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ditions of cloud formation. In any one cloud, 
as they proceeded upwards from the base, 
the amount of free water increased because 
the temperature decreased and water was 
condensed. On the whole, so far as they 
knew, the size of drop increased simply 
because the water tended to condense on 
the drops already formed. 

All that he could, say about the fluid 
systems for de-icing wings had been said. 
He had no direct experience of them in 
flight, in fact, they had not been tested 
critically in flight, so far as he was aware. 
The fitting of such systems appeared to bea 
question of straight economics. They could 
specify with moderate confidence the amount 
of fluid required and the questions which 
had to be settled were how long such a 
system would have to be in use during flight, 
and the sort of conditions in which the air- 
craft would have to be operated. 

He understood that direct heating, using 
exhaust gas, had been used in Germany on 
a small scale, and that the N.A.C.A. were 
making experiments on a single aircraft in 
order to obtain experience of the method. 
They should do the same in this country; the 
saving of weight that could be effected was 
significant. 

His figure for the thickness of the sheets 
of heat exchangers was chosen arbitrarily; 
the thickness or thinness of the sheet used 
depended on the skill of the designer in pro- 
ducing a reliable heat exchanger. 


Mr. Clothier: It was not surprising that he 
had differed from him with regard to ice 
guards, for Mr. Clothier had had much more 
experience of them. His real object in draw- 
ing attention to the engines was to emphasise 
the need for improvements in the protection 
of the induction system, in view of the 
improvements it was hoped to make in the 
protection of the aircraft as a whole. 

Until now it had been possible for an 
aircraft to remain in conditions of icing for 
only comparatively short periods, because 
the aircraft was relatively unprotected. If it 
were fully protected the pilot might wish to 
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remain flying in such conditions for a much 
longer period and there would be no reason 
why he should not, so far as the aircraft itself 
was concerned. But he had an uneasy feel- 
ing that trouble would be experienced with 
engines, and possibly with components which 
had not given trouble so far, if they were 
subjected to prolonged exposure to severe 
icing conditions. 

One of the difficulties had been that if 
serious trouble had occurred with engines, 
they knew nothing about it because the air- 
craft had just disappeared; and a great many 
aircraft had just disappeared. They had no 
clue whatsoever whether the trouble had 
been due to icing or to other causes. But 
in many cases the failure of the radio had 
rather indicated the possibility that the 
aerials had been carried away by ice, and 
probably the aircraft had been brought down 
by that cause. It was entirely a matter of 
speculation. 


Mr. Evans: His knowledge, and Mr. 
Clinton’s, of the turbine engine and its design 
was vastly greater than his own, and he 
could make little comment on their remarks. 

Some information about the conditions of 
icing which might be anticipated over the 
Atlantic was given in a paper by McTaggart- 
Cowan, who was Principal Meteorological 
Officer at Dorval, and who knew more, pro- 
bably, about Atlantic conditions than any- 
body else. The difficulty about interpreting 
what was known was that the information 
was obtained from a particular method of 
operation, and on many occasions operations 
were cancelled on account of severity of 
weather, of which no details were known. A 
great deal more knowledge was required. 

Ice detectors were in a partly developed 
condition, but he believed they could be 
developed to a satisfactory stage. The prin- 
ciple was quite simple. There was a tube 
with a small forward-facing pitot hole, and 
a larger hole facing backwards. When the 
forward hole became blocked, the pressure 
in the tube dropped and deflected a dia- 
phragm, which operated a warning light. He 
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believed that, without much trouble, they 
could produce what Mr. Evans required; 
only the details remained to be perfected. 

He could not give much encouragement 
with regard to the protection of control sur- 
faces by using the spent air from the wing. 
That air had lost a great deal of heat to the 
wing, and it seemed to be a rather inade- 
quate method of protecting a surface. It 
should be protected by screening, rather than 
by relying on heat or other means. 


Mr. Elliott: In a sense he had replied 
already to some of his remarks on the trouble 
experienced with engines, and it was difficult 
to say precisely what had been achieved or 
what further protection must be added. But 
he felt that the whole question of protection 
should be re-considered. By heating the 
surfaces, rather than the air, full protection 
could be obtained for a very small change 
in density at entry to the supercharger, and 
this system was unobstructed and gave full 
ram at all times. It was necessary, however, 
to heat all exposed surfaces and not the 
throttle only. 


Mr. Pilling: His knowledge of the icing of 
turbine engines was entirely speculative; 
indeed, there was no knowledge on the sub- 
ject at the moment for the tests on the 
engines had yet to be made. He had no 
doubt, however, from his personal experi- 
ence, that the engine would suffer from icing 
troubles, and that it would be a major under- 
taking to protect it satisfactorily against bad 
weather. 


Wing-Cdr.. Lees: He was disappointed 
to learn that the protection of the centrifu- 
gal type of compressor was less substantial 
than he had hoped it might be; that put both 
types, the centrifugal and axial, more or less 
on a level as regards the difficulty of pro- 
tecting them. 

Wing-Cdr. Lees had misinterpreted him 
in suggesting that gauzes could be used for 
pre-heating the air. His proposal was for a 
heated grill for the purpose of mixing hot 
air, or exhaust, with the incoming air. 
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DISCUSSION 


Dr. Still: He had a feeling that the speci- 
fications for hot air were based on the 
trouble which was experienced in the past 
from evaporative-ice and that, with the 
change in design, the specifications had not 
been altered to match. He, personally, did 
not believe in heating the air more than was 
absolutely necessary, and that was why he 
had advocated heating the surfaces which 
were exposed to conditions of icing, and 
accepting a small penalty for the amount of 
air heating that was involved. The process 
of heating the air involved, for its correct 
application, a heat exchanger with a smooth 
control of temperature over a very wide 
range. It could be designed, he believed, to 
give a small resistance, and to give any tem- 
perature required by the particular condi- 
tions encountered. 


The type of icing indicator to which Dr. 
Still had alluded was the Minneapolis- 
Honeywell indicator, but he did not think 
that it would answer Dr. Still’s requirements. 
The difficulty was the varying types of ice 
and the density of ice which might form. 
What Dr. Still required for experimental 
purposes was exactly what Mr. Spencer 
required, namely, accurate measurement of 
the conditions of icing; he could see no alter- 
native to that. They had equipment which 
he believed would be sufficient for present 
experimental purposes. 


Mr. Holland: He seemed to suggest that 
the requirements for the design of protective 
equipment had not been formulated. 
Actualy in Reference (1) the requirements 
were stated precisely. These, of course, were 
subject to alteration by the operators of air- 
craft to suit their particular needs, but if no 
alteration was necessary the designer, now, 
had all the information he should require. 


The difficulties of design of the thermal 
system were not nearly so formidable as Mr. 
Holland suggested, and even if the designer 
failed to meet the requirements fully, the 
protection obtained would represent a sub- 
stantial advance on what was now available. 
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The designer should not be deterred by fear 
of failure. 

The equations which gave the coefficients 
of transfer of heat from a flat plate, numbers 
25 and 26 of Reference (1) were by mistake 
the average coefficients as Mr. Holland 
suggested. The local coefficients were given 
by the same equations but with the constants 
0.66 and 0.37 changed to 0.33 and 0.30 
respectively. 


Captain Dolezal: The importance of ice 
detectors was over-emphasised. They were 
not used by airline operators in the U.S.A., 
and they would certainly be in use by now 


if they were required. There might bea . 


case for fitting an ice detector to give confi- 
dence to the inexperienced pilot. A detector 
might be necessary in the case of turbine 
engines, but, if possible, the engine should 
be designed so as not to be sensitive to a 
small amount of ice, and the protective 
equipment should be such as to remove ice 
quickly. 


Mr. Bukovsky: He had proposed a 
method of test which was used with some 
success in the initial tests of the thermal 
system. It was of use only for exploratory 
experiments, because the conditions of icing 
produced by the spray were, physically, con- 
siderably different from those occurring 
naturally. 

The stage had been reached now in which 
the thermal system of protection had been 
tested in natural conditions of icing, and to 
improve it further it was necessary to repro- 


duce these conditions with considerable | 


accuracy. This could best be done in an 
icing tunnel. 


Wing-Cdr. Hughes: He had no intention 


of appearing to condemn the fluid system . 


either because it had not been tested in flight. 
or because, in severe conditions of icing. 
fluid must be used at a high rate. What, in 
fact, might be criticised was that the system 
should be accepted for transport operations 
when there was substantial doubt as to 


whether the rate at which fluid could be | 
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used would suffice for other than the mildest 
conditions of icing. The results of the tests 
in the laboratory made it imperative that 
critical tests in flight should be made before 
the system was accepted. 

The use of the system by a squadron on 
night operations could not be regarded as a 
critical test. In fact, the only conclusion that 
could be drawn from the reports from this 
squadron was that protection was ineffective, 
it being described as equal to that given by 
paste. 

It was imperative, in the present state of 


their knowledge, that it should be possible 
to discharge fluid at a high rate. To econo- 
mise in fluid, there should be a smooth 
control in rate of pumping. The problem, 
then, as in all applications of fluid, was to 
distribute the fluid correctly at all rates of 
flow. 

The success of this method of protection 
would be determined by the weight of fluid 
which must be carried to give satisfactory 
protection in all conditions, and by its relia- 
bility — an aircraft must not be caught in 
conditions of icing with no fluid in the tank. 
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Mr. Woodley was apprenticed at Supermarines. Later he served with Saunders-Roe 
Ltd., Gloster Aircraft Co. Ltd. and General Aircraft Lid., before returning to 
Supermarines. He was a member of the Fedden Mission to the United States of 
America in 1942 and a member of the Indian Mission in 1945. During the war 
Mr. Woodley was in charge of the Vickers-Armstrongs (Supermarine) Works at 


MEETING of the Royal Aeronautical Society was held at the Institution of Civil 
Engineers, Great George Street, Westminster, on 11th December 1946, at which a | ~ 
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The 705th Lecture read before the Society. 


LOFTING AND TEMPLATE | 
REPRODUCTION 


by 
S. P. WOODLEY, M.B.E. 


South Marsden, a position he still holds. 


Mr. L. G. Burnard, who deputised for Mr. Woodley, has been Chief Planning rt 
Engineer at Vickers-Armstrongs Ltd. at South Marston Works, Swindon, for the I 
past six years. t 


paper, “ Lofting and Template Reproduction,” by Mr. S. P. Woodley, was read by Mr. L.  , 
G. Burnard. In the Chair, Sir John Buchanan, F.R.Ae.S. e 


The Chairman: Unfortunately Sir Frederick Handley Page was not able to be present 
and had asked him to deputise. There was also another apology in that Mr. Woodley 
was ill with influenza and was unable to be present. They were grateful to Mr. L. G. 


Burnard, who had undertaken to deliver Mr. Woodley’s paper. ; 
Mr. Woodley was well known to all of them on account of his excellent record on war- | : 
time production, and it was a great pity that he could not be present to answer questions on | 4 
the paper. However, he was certain that Mr. Burnard would be a most able and capable | ri 
deputy. 
Mr. Burnard was Chief Planning Engineer at Vickers-Armstrongs Ltd. at Swindon. He w 
was educated at St. George’s, Bristol, and was for some time at Aero-Engines, Bristol, as 4 ne 
planning engineer, and had been Chief Planning Engineer at Vickers for the past six years. ae 
He was also lecturer in Production at Swindon College, where he gave a series of lectures | jy 
on production control. He was an Associate Member of the Production Engineers anda | tg 
Member of the Institute of Economic Engineers. | 
The subject of Photolofting was a new one for the Society, and it was one of the bridges gy 
that joined the design side of the business with the production side. There was no one mm; 
more competent to deal with that aspect of production than Mr. Woodley. It wasa = qy 
pity that the production engineers seemed rather shy people because they did not often the 
attend the meetings of the Society to give them the benefit of their advice and experience. de 
He called on Mr. Burnard to read the paper. det 
Or 
1. DEFINITION assembly can be transferred to a sheet of co 
Lofting, or full-scale layout, is the tech- stable material, thus establishing a means but 
nique by which lines and contours and any whereby an accurate check can be made of all 


chosen fixed points on a component or all subsequent production, or the means ma 
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whereby templates can be made to control 
tooling or production. 


Lofting, generally, is a full-scale drawing 
in one plane, although by suitably determin- 
ing the terms of reference a single plane loft 
can contain the contour lines of components 
curved or dimensioned in more than one 
plane. The term “lofting” does not include 
the technique of reproduction or of template 
usage. It is confined only to the technique 
of transferring Design Office requirements 
from small-scale layouts or arrangements on 
to a sheet of stable material to full size. 


This paper can, like Gaul, be divided into 
three parts: — Namely: Lofting; Template 
Reproduction; and the Use of Templates in 
the Shops. 


2. HISTORICAL 


Lofting owes its origin to the technique 
employed in shipbuilding. It was introduced 
into the Aircraft Industry through firms 
specialising in the production of flying boats 
employing labour drawn from shipyards and 
used to the technique employed in those 
concerns. It has received tremendous 
impetus because of the impact of war and 
the fact that it was necessary to sub-contract 
and disperse the manufacture of aircraft to 
a hitherto unknown degree. Other factors 
which have rendered its use a matter of 
necessity are the needs for interchangeability 
and the fact that unskilled labour employed 
in expanding the industry has been unable 
to read working drawings. 


It has also been necessary for all the 
details composing a highly complicated 
machine to be accurately tooled and repro- 
duced and the use of master templates for 
the production of components was rendered 
desirable to ensure interchangeability of 
details from a wide variety of sources. 
Originally, the technique was employed to 
cover the establishment of contours only, 
but it has later been extended to cater for 
all mating parts and details which go to 
make up an assembly. 


The shipbuilding industry has always 
employed the technique of mold _lofting. 
The mold loft consisted of a building with 
a large floor area, the floor being painted a 
mat black. The lines were marked out in 
chalk on the floor, straight lines being 
obtained by wringing the chalk lines on to 
the floor, this being sufficient to give datum 
lines and so forth. Other lines determining 
the shape of ribs, frames, keels, bulkheads, 
etc., were produced by laying out on the loft 
ordinates from the main datum lines and 
drawing curves cutting these ordinates by 
the use of splines. The actual shape of the 
ribs, etc., when cutting the materials were 
picked up directly off the floor. 

In some cases, primitive but very effective 
means were employed to transfer the lines 
from the floor to wooden templates which 
were applied directly on to the component 
being manufactured. This was achieved by 
laying tintacks around the curve with the 
heads touching the chalk line, the points 
being laid in towards the centre. A sheet 
of plywood was placed over the tacks and 
pressure applied, which resulted in indenta- 
tions from the sharp edges of the tacks being 
pressed into the wood. These indentations 
in the plywood formed a series of datum 
points from which the curves could be drawn 
accurately. 


3. GENERAL 


The shape of an aircraft is made up almost 
without exception of a number of curved 
lines and it is impossible for any two 
draughtsmen to reproduce the same curve 
in the same identical manner except where 
an infinite number of ordinates are provided. 
The use of splines for producing curves, the 
splines passing through points determined by 
offsets, does not guarantee that any two 
curves will be exactly alike. This being so, 
it is small wonder that the use of production 
drawings as a means of control of the shape 
and contours of parts made at different fac- 
tories has been more or less discontinued, 
since the drawing can be interpreted differ- 
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ently where more than one person lays out 
the contours in the shops. 

Instead, a permanent drawing in the form 
of a template which can be applied directly 
to the part to be manufactured or the tools 
to be manufactured, has taken its place. This 
development of drawing full-size layouts on 
stable material has taken a considerable load 
off the production shops. 


4. ADVANTAGES OF THE USE OF 
FULL-SIZE LAYOUTS 


With the lofting technique it is possible 
to cut down the time required to produce a 
prototype aircraft for, with the methods to 
be described later, it is possible to reproduce 
full-scale layouts directly on to the material 
to be worked and on to hard wood form 
blocks, etc., thus cutting out what was 
originally the factor which absorbed the 
most production time in the freehand manu- 
facture of “one offs.” It is also possible to 
produce accurately scaled-down layouts 
where the manufacture of a flying scale 
experimental aircraft is considered necessary 
to prove the design of a large aircraft. This 
scaling-down can be used produce 
extremely accurate wind tunnel models, 
eliminating all the calculations and layouts 
hitherto necessary before these could be 
made. 

With the old methods of aircraft produc- 
tion the lines of a component detail or fuse- 
lage were laid out in the shops to ordinates 
and offsets provided by the working draw- 
ing. This laying out had to be done a 
considerable number of times even where all 
the work was being done in one factory. It 
is possible that the lines would be laid out 
once in order to produce the prototype or 
preproduction aircraft and again when the 
production tools were being manufactured in 
the Tool Room. It is also customary for 
the Tool Inspection to lay the job out in 
order to make an inspection of the tools. 

All this adds up to a great deal of time 
when one considers the number of compo- 
nents which go to the making of a modern 
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aircraft. Where the aircraft, or parts of the 
aircraft are sub-contracted and the same 
procedure gone through all over again in 
another factory or factories, the waste of 
time is multiplied many times over. With 
lofting and subsequent template reproduc- 
tion, however, the lines are laid out once 
only. Reproductions of the master loft can 
be sent wherever it is necessary to manufac- 
ture components with the knowledge that 
time will be saved and that each part will be 
within the standards of accuracy laid down 
for the original lofting reproduction. Thus, 
the lofting technique, followed by subsequent 
layout reproduction, has introduced a 
method whereby standardisation of compo- 
nents is achieved, which is almost revolu- 
tionary in conception. 

The elimination of the necessity for pro- 
duction shops to lay out curved lines has 
reduced completely the errors which 
formerly arose where the lines were plotted 
many times from the same ordinates. 
Formerly, except for the loft or layout made 
by the Tool Inspection Department for the 
purpose of checking tools, the laying out was 
often destroyed as the tool or component was 
manufactured and no record existed from 
which subsequent components could be 
made. With template reproduction the 
template is available at all times and is a 
permanent record of the shape of the 
component. 

It is, of course, possible, in addition to 
supplying the tool shops with templates, to 
reproduce the lines of any particular com- 
ponent that has been lofted directly on to 
the material which is to be worked into the 
form of a tool. The shops can cut and drill 
to these lines thus cutting out even the neces- 
sity of transferring and comparing the 
template with the tool. 

Where a curved component is symmetrical 
about the centre line the draughtsman need 
draw only one half of the component. A 
doubling over technique can be employed 
when the layout is reproduced, thus ensut- 
ing that the two curves are identical and, in 
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addition, effecting a saving of half the 
time originally needed to lay the component 
out fully. 

The use of the lofting technique imposes 
a buffer department between Design and 
Production and although a large number of 
man hours can be spent in the full-scale 
lofting of an aircraft, the time is well spent 
since proper lofting procedure can bring to 
light drawing errors which were formerly 
only discovered when manufacturing details 
to make the prototype or preproduction 
machine. These errors disrupted the pro- 
duction of the prototype and necessitated the 
spending of a good deal of extra time in 
the correcting of drawings in the Design 
Department. Thus, it can serve as a correc- 
tive to eliminate many of the errors which 
have arisen and always will arise in the 
design and detailing of an aircraft. 

Lofting the lines of the aircraft ensures 
that fairness of line is obtained in the design 
stage as the curves when laid out fully can 
be corrected and fresh ordinates established 
in order to achieve the desired result. 

It can be seen that the adoption of the 
lofting technique can cut down considerably 
the time which elapses from the preparation 
of the basic design to the production of the 
prototype. 

To extend the lofting technique to its 
logical conclusion would mean that the loft- 
ing department would become a part of the 
Drawing Office and would be responsible for 
the production of the working drawings for 
the shops: such working drawings now 
taking the form of stable metal templates. 
This serves a double purpose in taking all 
the layout work away from the shops and 
carrying it out in ideal conditions by per- 
sonnel skilled in the technique. 

Also, the Design Staff who are respon- 
sible for the creative work of designing the 
aircraft are relieved of the responsibility for 
absolute accuracy of production drawings. 
Hitherto. it has been customary for produc- 
tion and detail drawings to be done by junior 
Personnel in the Drawing Office; the senior 


people being responsible for the actual 
design work. Thus errors in tying up mating 
parts have always crept in. Now it is 
possible to complete general arrangements, 
sketches, and major design requirements and 
to complete the detail design work direct on 
to a metallic loft. 


Since these drawings are made full-size on 
a perfectly stable surface all checks can be 
made by direct comparison, thus eliminating 
the necessity for drawing dimensions. With 
layout reproduction carried to its fullest 
extent we would see the elimination of work- 
ing drawings in the shops and instead, their 
substitution by template reproductions of the 
layouts carried out in the mold loft. Some 
dimensions and engineering information will, 
of course, always have to be added to the 
templates; such information would be rivet 
sizes, bolt sizes, working tolerances and fits 
and so forth. 


As for the schedule of parts needed to 
make an assembly, it has been the practice 
to write such information on the template 
or adjunct to the template where an assembly 
is concerned, but it is now considered that 
this too could be eliminated by greater co- 
operation between the Planning Office and 
the Design Office. Such information could 
appear on the Planning Office schedules, 
which would then be used as a basis for all 
engineering information as to lists of parts 
and so forth. It can, therefore, be seen that 
although much time can be spent in the 
actual mold loft, that time is more than 
recovered by consequent savings in the 
Drawing Office and in the shops. 


Another point where saving is achieved is 
in the elimination of the time in tracing 
pencil drawings and production of linen 
masters; also, in the preparation of large 
numbers of shop dye-line copies of these 
drawings. 


5. LOFTING EQUIPMENT 


The building or floor which houses the 
lofting or layout department should be of 
309 
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ample dimensions as the type of work 
requires a considerable spreading out of 
personnel. The building should be situated 
as near as possible to the Design Office in 
order to ensure the closest liaison between 
the two. It should be free from noise and 
vibration as extremely fine and accurate 
work is done which requires the utmost 
concentration. 


Because the work is extremely close a very 
high intensity of even lighting is necessary. 
The lighting should be evenly diffused so 
that no shadows are thrown. _ It seems, 
therefore, that there is only one type of light- 
ing which would be satisfactory; fluorescent 
tubular lighting, and an intensity of about 
50 ft. candles should be the objective. If the 
lights are set diagonally to the tables and not 
in line with them it will help considerably 
in adequate diffusion and the avoidance of 
shadows. 


A constant room temperature of about 65- 
70° F. should be maintained in the layout 
department throughout the whole year since 
we are dealing with larges areas of metal. 
A coistant temperature would eliminate the 
differential expansion of the blanks and the 
tables which would otherwise occur in a 
temperature which varied from time to time. 
The S.B.A.C. have recommended standard- 
isation of the tables which are used to 
accommodate the layout blanks and it is 
recommended that this should be of pressed 
steel construction taking layout blanks 8’ x 
4’. The table is 2’ 9” in height mounted on 
six legs. Each leg is capable of vertical 
adjustment. The table carries four dowels 
which are accurately drilled from a master 
jig. These dowels are used to register with 
four holes drilled in the layout blank. 


The tables incorporate adjustable fittings 
on the side members so that a number of 
tables can be bolted together, using the 
dowel holes to locate them at their correct 
distance apart. It is recommended that when 
a multiple layout is being built up on the 
tables the layout blanks should be laid in 
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position with approximately 1/32” clearance 
between them. 


The blanks are therefore standardised at 
8’ x 4’ with a maximum tolerance of minus 
0.015. Four dowel holes are drilled in a 
master jig to line up with those on the tables. 
The material of which they are made is 
aluminium alloy sheet, either 16G or 18G. 


The master reference jigs for determining 
the dowel hole positions in both tables and 
layout blanks are outlined in the S.B.A.C. 
Data Sheet RS.211, and comprise a drill jig 
to drill the four corner dowels in the table, 
a drill jig to drilf the dowel hoies in the lay- 
out blanks, and a master table alignment jig. 
The S.B.A.C. have also issued a book on 
layout reproduction published in 1943. 


6. LAYOUT TECHNIQUE 


It is my considered opinion that the layout 
department should be responsible to, and a 
part of, the Design Drawing Office. The 
layout department would then be supplied 
with the main outlines and structural details 
of the aircraft, together with such basic scale 
layouts as are necessary to begin lofting. 
Thus, as the lofting is proceeding the Design 
Office would be consulted as difficulties arose 
and minor design details settled as the loft- 
ing proceeds. It would still be necessary for 
the Drawing Office to do the detail design 
work of such items as machine fittings, etc.. 
and to prepare the general arrangements of 
control systems, hydraulic systems, electrical 
systems, and so forth. 


It is a basic principle that the material on 
which the loft is prepared must be stable. 
This entirely rules out the use of parer. 
Lofting and the preparation of lines of air- 
craft were previously done on_ plywood 
which had been sprayed white. This method 
is now almost entirely obsolete, lofting being 
done on either aluminium or steel sheet suit- 
ably prepared. Formerly, it was necessary 
to take dimensions directly off the layout in 
the loft room or to bring the components or 
assemblies to the loft for direct comparison. 
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i.e., the job was made to go to the loft, now 
the loft is taken to the job. 

The surface of the layout blanks receives 
varying treatment according to the process 
to be used for reproduction for, with the 
lithographic process, the blank is grained by 
a process which will be described later. With 
the methods of photographic reproduction it 
is necessary to spray the blank with cellulose 
lacquer, applying one or more coats; each 
coat is rubbed down before the application 
of the next and finally a smooth texture is 
achieved, but one which would also have a 
fine “key” which will take a pencil or 
metallic line. 

The lofting technique involves the provision 
of original drawings on some stable material 
using certain methods of marking, according 
to the type of reproduction in force; thus, in 
some cases the layouts are scribed through a 
film, in others ordinary graphite pencil is 
used; again some techniques require the use 
of ink and others use metallic pencils for 
producing the lines. 

Generally speaking, it can be said that 
what is required in a loft is not so much 
maintenance of meticulous dimensional 
accuracy in following the lines laid down by 
the drawings or tables of ordinates, but 
rather to achieve absolute fairness of lines 
and the maintenance of identity between all 
similar parts. 

It is customary to assist the loftsman by 
producing grid lines in the template 
material. The provision of the grid line 
assists in the laying off of large dimensions 
and the avoidance of accumulative errors 
which arise if a single starting point or datum 
were used for the taking of dimensions. The 
S.B.A.C. recommend the standardisation of 
these grid lines at 12” spacing. Thus, any 
dimension of 6” or less can always be laid 
off from a grid line. Grid lines can be used 
as a help in aligning sheets accurately one 
with the other when it is found necessary to 
ee multiple sheets to cover an extra large 
oft. 


Grid lines can also be used to form an 


accurate method of locating any particular 
point in the template by reference to hori- 
zontal and vertical grid lines where these 
are numbered in a similar manner to refer- 
ences employed in map reading. Grid lines 
assist photographic projection because the 
camera, if not provided with accurate cali- 
bration for registration, can be set by these 
lines. The camera is made to project the 
image on to the easel which is to carry the 
template and direct measurement of the 
spacing of the grid lines will determine 
whether the focal length of the camera is 
adjusted properly. The camera can then be 
adjusted so that the projected grid lines 
measure exactly with the dimensions on the 
original template from which the photograph 
was taken. 


The grid lines can be thrown up or 
eliminated as desired on the reproduced 
templates. |Photographically this can be 
achieved by lining the grid lines in colour 
and using an appropriate colour filter. With 
the lithographic method of reproduction the 
grid lines can be rendered ink sensitive or 
ink neutral so that the lines either print up 
or are eliminated. 


The preparation of grid lines can either be 
laid out by hand or reproduced on the 
original layout blank by direct contact 
printing by lithographic means. A gridding 
machine can be used to produce the grid 
lines. This can take the form of a table 
which carries the four dowels on to which 
the template can be accurately located in 
relation to the grid lines and a series of 
dowel pegs against which a steel rule can 
be aligned. The grid lines can then be scribed 
from the edge of the steel rule. The dowel 
pegs are, of course, spaced at 12”. 


A more elaborate form of  gridding 
machine would carry a table which can be 
traversed along and across the surface of the 
layout blank. This table carries a number 
of styluses spaced at 12”, thus by one single 
traverse of the table all the grid lines can be 
marked off at once. 
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It is usual to lay out all contour lines on 
one single template so that fairness can 
readily be obtained. This master template 
showing all contour lines can be of great 
assistance to detail loftsmen, since by a 
technique similar to that outlined for 
eliminating or printing up the grid lines des- 
cribed earlier, any single contour can be 
selected and printed up on to a layout blank. 
Thus, in detailing a frame or bulkhead, for 
example, the loftsman has not again to lay 
the lines out, but is given a layout blank 
carrying the contours into which the details 
of the component assembly can be filled; 
these contours being taken from the master 
lines layout. This achieves a saving in time 
and makes for greater accuracy. 


Regarding the technique of lofting, there 
is little that can be added to existing practice 
except to say that agreement should be 
reached and conclusions set out clearly on a 
Data Sheet as to the interpretation of the 
various methods of setting out, particularly 
where a plane at a right angle or some other 
angle to the plane of the drawing is graphic- 
ally presented on the layout. 


What is meant by this is that where a rib 
which is mounted at an angle to a main 
spar has a riveted bracket attached to it, 
and also to the spar, it is necessary on the 
loft of the rib to depict the attachment 
bracket. Since the bracket is at an angle, 
how to depict the plane which is attached 
to the spar web? Where to finish the bracket 
in the plane of the loft? Should the bend 
line be used as the finish of the loft in the 
plane of the rib, fe., use the points of 
intersection between two lines as the limit 
of projection in one plane? In respect of 
the graphic presentation of the other face of 
the bracket are we to regard this as a true 
projection or as a projection in the angle of 
the bend? Again, how to present the angle 
itself? 

With regard to the graphic presentation of 
brackets, etc., or flanged brackets on a simi- 
lar component, say a_ rib, where these 
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brackets are at right angles the question here 
is, which face is to be projected as this bys 
some influence upon the length of the rib. 
It is recommended that the point of inter- 
section is taken in all cases to be the plare 
in which the drawing is made. So long as 
one rigid form of method is adhered to 
through the lofting there can be a number 
of satisfactory solutions to the above ques- 


tions, all of which will provide satisfactory 


templates. But the method to be adoyted 
must be laid down plainly on a data sheet 
and adhered to; otherwise confusion will 
arise in the shops. 

Wherever it is possible on ribs, etc., to 


give a dimension to a standard datum, for ‘ 


example, the centre line of a spar or toa 
horizontal or vertical datum line, then it 1s 
distinctly a help to give within the scope of 
the loft a line drawn at some definite dimen- 
sion from the datum. It is a help to the pro- 
duction shops if the development of a flange 
is depicted on the template as it saves the 
time taken in working out the bend allow- 
ance, etc., and ensures standardisation. If 
the template is subsequently to be cut to 
contour the development must be depicted 
within the lines of the contour. It is suffi- 
cient to provide two lines from which the 
dimension can be picked off with dividers 
or measured directly. 

The drawing of curves to ordinates 
presents some difficulty in the lofting itself. 
The use of splines, and weishts or ducks for 
the location of the splines, cutting all the 
ordinates is common but even with this the 


exact duplication of curves is an extremely 


difficult task. The fairing of such long flat 
curves is being done in America by plotting 
a sufficient number of ordinates along the 
curve by mathematical methods. The method 
used is that if the angle of two tangents on 
the extreme ends of the curve and the posi- 
tion of one point somewhere along the curve 
is known all ordinates along the curve can 
be plotted. It would seem that this method 
of determining the true line of any curve is 
capable of greater development. 
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LOFTING AND TEMPLATE REPRODUCTION 


LAYOUT REPRODUCTION 


7.1. BASIC REQUIREMENTS FOR 


REPRODUCTION 
The requirements for reproducing tem- 


plates are:— 


(a) 
(b) 
(c) 


(d) 


(e) 
(f) 


(g) 


(h 


(i) 


Reliability. 

Guaranteed accuracy of reproduction. 

It must be possible to produce the tem- 
plates at a low cost. 

) The plant used must not be too expen- 
sive and must be easy to obtain and to 
instal. 

It must be possible to use average work- 
people in the process. 

It must be easy to make modifications. 
additions or corrections quickly. 

It must provide for the storage in the 
smallest space possible of the master 
templates required to produce an air- 
craft. 

) It should be possible to produce scale 

reduction of any layout. 

The technique should be available by 
which a combination of parts, or the 
whole of one or more drawings can be 
built up into composite or assembly 
drawings to avoid using a draughts- 
man’s time unnecessarily. 

The process must be completely reliable 

under all conditions. 
the above requirements 


All cannot 


possibly be met with in one system. 


It is now proposed to deal briefly with 


certain interesting developments of layout 
reproduction in America and then to deal 
rather more fully with the two systems of 
reproduction most used in this country, 


na 


mely. the photographic method and _ the 


lithographic method. 


With this process a fluorescent lacquer 


Direct X-RAY PROCESS 


coating is sprayed on to a steel layout plate. 
after which a scribed image is made upon 
the surface. Printing is done by direct con- 
tact. A vacuum printing frame is used in 
which the layout and the plate on to which 


the reproduction is to be made are placed 
face to face. The plate upon which repro- 
duction is to take place is also covered with 
fluorescent paint and a light sensitised emul- 
sion. A print is made by exposure to X-rays 
which pass through the template material 
and energise the fluorescent paint. The light 
from it affects the sensitised emulsion. This 
first reproduction when developed is then 
used as a negative from which the positive 
prints can subsequently be made and pro- 
cessed in a similar manner. 

The main advantage of this method is that 
extreme accuracy is achieved by virtue of 
contact methods. 

Its disadvantages are:— 


(a) That the cost of the equipment must 
include X-ray apparatus. 

(b) That an intermediate reproduction is 
required in order to obtain subsequent 
reproductions. 

(c) The image is inclined to be fogged 
because of the spreading of light from 
the fluorescent coating. 

(d) The method is somewhat cumbersome. 

7.3. AFTER-GLOW X-RAY PROCESS 


This is a development and improvement 
on the Direct X-ray Process which eliminates 
the fogged image and the necessity for 
intermediate reproduction. The steel tem- 
plates are processed in a similar way with 
fluorescent lacquer coating and finally a 
coating of opaque lacquer is applied. The 
image is then scribed on to the plate which 
removes the opaque surface and exposes the 
fluorescent paint. The template is then acti- 
vated by X-rays and a bright image results 
which is a picture of the lines scribed by the 
loftsman on the template. The paint retains 
its glow for about 20 minutes, sufficient time 
for it to produce prints by means of contact 
exposure in a vacuum printing frame. 

As this is a direct contact printing method 
without an intermediate reproduction the 
resulting reproduction is the reverse hand to 
the master layout. It is thus necessary to 
print all the information on the original in 
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opposite hand in order that it will read the 
correct way round on the final reproduction. 
This reverse writing is fairly simple using a 
mirror. 

The disadvantages of this type of printing 
are identical with those for the Direct X-ray 
Process except that the intermediate repro- 
duction is cut out and less fogging is 
experienced. Neither method can be used 
to achieve scaling up or scaling down of 
the image. 


7.4. PREST ELECTROLYTIC PROCESS 


This employs an electrolytic etch to trans- 
fer the image. The layout plate is in steel 
and is coated with a clear lacquer which 
forms an insulating layer over the whole 
surface. The layout is then scribed through 
this lacquer exposing the metal surface. The 
master plate and the steel template which 
has to receive the reproduction are then 
moistened with a ferrous sulphate solution, 
placed in a press and a low voltage current 
passed between them. 

This results in the image being etched on 
to the copying plate. Afterwards the copy 
plate must be thoroughly cleansed, washed 
and dried. The press employed must have 
a flexible surface, usually obtained through 
the use of thick rubber dies in order that a 
uniform pressure of about 25 Ib./sq. in. can 
be applied. Contact strips connected to the 
source of current form the electrical poles 
through which the current is passed. The 
current is at 6 volts DC, from 9-10,000 
amperes. It is applied for a short period of 
time; about three seconds. 

With this the loft must be drawn in reverse 
as otherwise the reproduction will be oppo- 
site hand. This process has the advantage 
of simplicity and low cost. Also, as the 
image is etched into the surface the tem- 
plate is extremely durable. It is possible 
that this technique could be extended so that 
the electrolytic etch could be made to cut 
richt through the template, thus producing 
a finished template completely contoured. 
This would eliminate the necessity for the 
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subsequent cutting of templates to contour 
by hand. It would be necessary to etch the 
template to all the lines first of all and then 
to paint over with a varnish which would 
cover all the lines on the template except the 
contour which it is desired to cut through 
the material, afterwards to re-apply the 
master and the template into intimate con- 
tact providing some means of exact registra- 
tion and then to carry on the electrolytic 
action until the desired lines were cut right 
through the template. 


The difficulty would be to prevent the acid | 
from under-cutting the line, but this tendency , 


to under-cut could be inhibited in a similar 
manner to the technique employed in the 
etching of printing blocks. 

The template is etched to a certain depth 
and dragon’s blood is brushed in to the etch. 
Brushing a soft brush over the surface cleans 
all the dragon’s blood off the template, 
except that which adheres to the edges of the 
cut. If the template is now subjected to heat 
the dragon’s blood melts over the surface and 
provides an impervious acid resisting film, 
which will prevent the acid from eating 
farther into the edge. 


7.5. PHOTOPRINT PROCESS 

In this the layout plate is lacquered with 
a white paint and the layout is lined in with 
pencil or ink lines. A glass negative is made 
of this master by the reflex printing method 
similar to the Ruthurstat principle. A 
vacuum printing frame is used to obtain per- 
fect contact between the layout plate and 
the glass negative. The glass negative is 
developed and can be used to print the 
image on to sensitised metal by the direct 
contact printing process. The difficulty with 
this method is that of obtaining glass nega- 
tives of the size required and the difficulty 
of coating them with light sensitised emul- 
sion. It should prove difficult to store the 
glass plates as their size can go up to 5’ x 4’. 


7.6. PHOTOGRAPHIC REPRODUCTION 
This is one of the two processes which are 
mainly employed in this country, the other. 
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of course, being the lithographic process. 
The main disadvantage of this method is in 
its initial high cost. The subsequent cost of 
reproduction on to metal plates is also rather 
high and special technical departments have 
to be set up for dealing with the process. 
There are, however, many advantages. 

The success of this method is generally 
dependent upon the accuracy of reproduc- 
tion and the lenses used with the present-day 
cameras, designed especially for the purpose, 
give an accuracy which is within .001 per 
foot. In regard to accuracy it is generally 
conceded that strict dimensional accuracy is 
less important than the identity of duplica- 
tion and if the same camera and lens system 
is used in photographing the master layout 
and the reproduction of all subsequent tem- 
plates this identity of duplication will, of 
course, be maintained. 

The camera which was specially developed 
for the photographic process is the Lanston 
Monotype Camera. This camera was 
imported from America and I believe that 
there are two in this country at the present 
time. It seems over-elaborated for the task 
it has to perform and camera systems have 
since been developed in this country in con- 
junction with Kodak and M.A.P. which are 
more simple, cheaper and easier to obtain. 

Several such camera systems have been set 
up in various aircraft establishments. (Note: 
Saunders-Roe Ltd. has such a camera; Air- 
speed Ltd. has a Statfile Photo-template 
Camera). The camera is mounted in a 
department on its own, being set up in a 
wall dividing the projection room and the 
camera room; these two rooms comprising 
the camera unit. A rigid mounting must be 
given to the camera and the easel on which 
the layout is mounted and all harmful 
Vibrations must be suppressed. 

The Lanston Monotype Camera and its 
casel are mounted on tubular beams which 
are spring loaded to absorb shock and vibra- 
tion. 

In photographing the layout the loft is 
held vertically on an easel in the projection 


room by means of a suction screen. Suction 
can be applied to the plate to hold it in 
position and to keep it flat. The easel must 
be evenly illuminated and this is done by 
using a battery of arc lamps, fluorescent 
lamps or high-wattage tungsten filament 
lamps so placed that the light is evenly dis- 
tributed without glare. 

The negative in the Lanston Monotype 
camera is stationary. The lens and the 
vacuum easel are mounted on carriages 
which can be registered to a high degree of 
accuracy. On the Lanston Monotype this 
can be electrically controlled within .001”. 
The correct adjustment of distance between 
the negative and the loft is necessary to have 
a standard reduction in size from the loft 
to the negative. This reduction has been 
standardised at } full size. Thus the image 
on the glass photographic negative with an 
8’ x 4’ template would be 24” x 12”, the 
negative itself being 25” x 14” overall. After 
the negative has been exposed and processed 
it can be used to project the image through 
the same camera system on to a sensitised 
plate held on the easel; providing the means 
whereby the image can be photographically 
recorded. 

One of the main advantages of camera 
reproduction is that almost anv ratio of size 
between the negative and the template can 
be provided. The } scale negative when in 
the camera is held in a fixed position; if the 
relative distance between the lens and the 
sensitised template held on the suction screen 
is altered, the scale of the image reproduced 
on the template is altered also to a greater 
or lesser degree to that of the original layout 
as desired. 

This is a valuable help in the production 
of scaled models for wind tunnel work or 
any other purpose. It allows for the pro- 
duction of layouts controlling the manufac- 
ture of tools which require a_ shrinkage 
allowance, by photographing the template 
with the shrinkage allowance already catered 
for: enlarging or reducing the image to the 
required amount. This eliminates the nec¢s- 
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sity for marking out in the shops and the 
calculations needed to carry out the proper 
ratio reduction or enlargement. With the 
photographic process it is possible to project 
the image on to a sensitising paper on the 
surface of the tool to be manufactured, 
although there are other methods of repro- 
ducing the image directly on to the tool by 
photographic means. 

Care must be taken in projecting the image 
to avoid heating the glass negative as this 
will cause variations in the size of the pro- 
jection. For this reason Mercury Vapour 
Fluorescent lighting is employed as this pro- 
duces so little heat. (Handley Page Ltd. 
uses Mercury Vapour to project Lanston 
Monotype). 

It is possible with the photographic 
method to reproduce a reverse image. This 
means that where symmetrical contours are 
concerned, only half the section need be 
drawn. One method is to expose two sensi- 
tive plates in the camera with the sensitised 
surfaces face to face; the half section is then 
photographed and when the two plates are 
opened out and carefully aligned with suit- 
able datum points, an image of the full 
section can be projected on to the layout 
material. 

If it is desired to select any one of a 
number of contours on a loft to be photo- 
graphed where a complicated series of con- 
tours has been faired in, this can be achieved 
by inking in the various contours with 
different coloured inks. By the use of suit- 
able colour filters the negatives can be 
exposed to photograph only the desired lines, 
the colour filters in the lens system eliminat- 
ing those which are unnecessary. Such a 
method can be used to provide the loftsman 
with contours which have already been lofted 
but which are needed for subsequent detail 
lofting work in the provision of templates 
for fuselage frames, other assemblies, and so 
forth. 

Ordinary methods of development and 
fixing of the glass negatives are done. Since 
these are of relatively small size no difficulty 
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is experienced in processing them. The 
sensitised film used on the templates takes 


the form of a transfer sensitising paper. This _ 


is supplied in rolls approximately 484” wide. 
It takes the form of a protective paper cover- 
ing on to which the sensitised film is coated. 
The bond between the coating and the pro- 
tective paper is such that the paper can sub- 
sequently be stripped off the film when it 
has been laminated on to the template 
material. 

The lamination of the transfer sensitising 


paper on to the template metal is usually | 


carried out with a heavy steel-cored rubber- 
covered roller moving freely on a_ flatbed. 
The laminating pressure is secured merely 


by the weight of this roller. To prepare the | 


template metal for lamination it is 
thoroughly cleaned and sprayed with a cellu- 
lose lacquer and when dry, it is ready to 
receive the transfer sensitising paper. The 
template metal and the transfer sensitising 
paper are applied to each other with the 
lacquered surface of the metal and the sen- 
sitised surface of the paper in contact one 
with the other, lamination being effected by 
passing the roller across the top of this sand- 
wich. Immediately prior to the passage of 
the roller, a plasticising solvent mixture is 
applied to the lacquer surface of the metal. 
This softens the lacquer sufficiently to pro- 
vide the adhesion between the sensitising 
paper and the template metal. The process 
must be done in a safe darkroom light. 
A variation of this laminating technique 
is also in use. In this form, the laminating 
roller is mounted on a carriage which 
traverses the length of the laminating table 
on side rails which enable a positive pres- 
sure to be exerted in addition to the weight 
of the roller itself. The same carriage also 
carries the stock roll of transfer sensitising 
paper and a device for application of the 
plasticising solvent immediately before the 
transfer sensitising paper is brought into con- 
tact with the lacquered surface of the metal. 
With either of the above laminating 
devices an’8’ x 4’ sheet can be sensitised very 
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quickly, the time required for one template 
being of the order of about three minutes or 
less. The sensitising paper is supplied in 
widths up to 484”, which is adequate to 
cover the standard size of aircraft lofting 
plate with one strip of paper. Metal sheets 
of even greater width than 4’, however, may 
be sensitised by using two or more widths of 
paper strip. One method of doing this is to 
apply the two strips of paper with about 4” 
overlap between the two strips. During the 
subsequent stripping off of the paper back- 
ing, the sensitive emulsion layer of the upper 
sheet is cut by the edge of the backing paper 
of the lower sheet and a very good join is 
achieved in the sensitised layer left behind 
on the metal. This join is usually perceptible 
but causes no important interference with 
the subsequent reproduced image. 

The template metal, after receiving the 
transfer sensitising paper, is preferably 
stored for several hours at room tempera- 
ture or alternatively for an hour or two at 
90° F., before being mounted on the easel 
to receive an exposure. The paper backing 
of the transfer sensitising paper is stripped 
off only after the metal sheet has been 
mounted on the easel, since up to this point 
it has served the useful purpose of providing 
protection of the sensitive layer against 
mechanical damage. After exposure the 
sheet is processed in developing and fixing 
tanks. These tanks are rather large as they 
must be able to handle 8’ x 4’ sheets. M.Q. 
Developer is used, followed by Hypo Fixing. 
The tanks can be reasonably narrow but 
must be deep enough to cover the sheets. 
They can be made of teak or they can be of 
metal, rubber lined. Subsequent washing of 
the templates can be done by standing them 
against a glazed brick wall or partition and 
directing a spray of water over the whole 
surface. Generally, the water can be made 
to flow from top to bottom of the template. 

If the template is to receive a fair amount 
of usage in the shops it is usual to spray a 
Protective transparent lacquer film on to the 
surface, although the sensitised film when 
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hardened off is tough and durable and will 
withstand fairly hard usage in the shops. 
With the photographic process the } scale 
negative can be used to produce } scale con- 
tact prints of the layout which can be used 
in the Drawing Office or for reference pur- 


poses. The accuracy of these contact prints 
is such that they can be scaled directly. The 
negatives are used to print directly on to 
sensitised metal in an ordinary printing frame 
without using the camera system. 


It can be seen that transfer sensitised metal 
or other materials are suitable for contact 
printing from a transparency; from a nega- 
tive made on a reflex plate, or from a nega- 
tive made in a camera. A suitable trans- 
parent drawing material on which a loft can 
be drawn is “ Kodatrace.” This is a trans- 
parent plastic sheet of the cellulose acetate 
type which is reasonably stable in dimen- 
sions, in regard to normal variations of 
humidity and temperature, but the same 
accuracy cannot be expected from _ this 
material as from a glass negative. If, how- 
ever, “Kodatrace” is allowed to mature 
before use it may be depended upon to give 
an accuracy of about 0.020 per ft. 


Reflex glass negatives may be made by 
contact printing from an opaque layout, the 
negative being placed with the sensitised film 
in contact with the face of the layout, inti- 
mate contact being obtained by the use of a 
vacuum printing frame. Exposure is made 
and the plate is affected by the light reflected 
from the surface of the template; the light is 
passed through a yellow filter. This tech- 
nique provides a template which is an exact 
replica of the original loft. 


A reflex technique can be used to repro- 
duce a layout drawn on opaque material on 
to other opaque materials without the pre- 
paration of an intermediate negative or any 
camera equipment. Using transfer sensitis- 
ing paper as reflex copying material, the 
glossy face of the sensitised paper is placed 
in contact with the original drawing or loft 
in a vacuum printing frame. The exposure 
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is made through the paper with a yellow 
reflex screen. 

The transfer sensitising paper is then 
laminated to the surface on to which the 
reproduction is to be made. This surface 
is first of all sprayed with cellulose lacquer, 
as described before, for the preparation of 
reproduction templates. A plasticising solu- 
tion is appiied to the cellulose film and the 
exposed reflex paper is then laminated on to 
the material, care being taken to ensure inti- 
mate contact over the whole surface by using 
a heavy roller or squeegee. After the solvent 
has been allowed to dry out and adhesion 
to take place the paper backing is stripped 
off and the film developed in the usual 
manner. This produces a direct copy of 
the original layout. 

With this technique, however, a reproduc- 
tion is obtained of white lines on a dark 
background as, although the image is not 
reversed owing to reflex copying being 
adopted, it is in reality a negative. By reflex 
transfer technique it is possible to transfer 
layouts on to form tools, form blocks, 
material which is to form the first-off com- 
ponents for prototype aircraft, and so forth. 

It is possible with the photographic pro- 
cess to make modifications and alterations 
to templates rapidly and efficiently. Any 
part of the template which requires to be 
modified can be painted over with lacquer. 
A fresh sensitised film is applied and the 
template re-exposed to the modified negative, 
and that portion then developed and fixed 
in the usual manner. 

Glass negatives need special storage facili- 
ties and it is usual to provide racks which 
store them vertically and which contain 
grooves into which they slide, such grooves 
being lined with baize or felt. 

It is important to see that dust is elimin- 
ated from the storage room to avoid damage 
to the negatives and for this some form of 
air conditioning must be introduced. The 
negatives may also be stored in separate 
paper or cellulose film envelopes. 

The layout of the department for photo- 
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graphic reproduction needs careful consider- 
ation. ihe camera room. should be 
suiliciently wide to take the lamps illuminat- 
ing the layout and to enable them to be ! 
placed far enough away to eliminate direct 
glare and reflection from the lines on the 

template. The minimum width for such a 

room should be 20 ft., but a width of 25-30 

ft. would be found much more convenient, 

The various processing rooms should be 

lined with glazed tiles because of the photo- 

graphic liquids used, and means must also 

be provided for handling heavy template 

sheets during the process. 
The capital cost of the equipment using 

Lanston Monotype Camera would be in the / 

neighbourhood of £7-10,000. However, | 

there have been developed recently some 
cameras here in Britain which are much less 
complicated and therefore cheaper. Such an 
installation, including laminating table, pro- 

cessing tanks, etc., should be obtained for a 

figure of about £3,500. The above approxi- 

mate costs do not include the cost of any 

special buildings, services, and so on. 
Summarising, the various photographic 

methods of reproduction, are:— 
1. Photographing and projecting the image 
by means of a camera. This is extremely ) 
flexible and adaptable. It should be 
noted that with this technique } scale 
negatives are provided which can be used 
as a means of obtaining small photo 
tracings, blueprints, and dye lines for 
storage or reference purposes. 

Contact Printing using drawings on trans- 

parent materials. This technique is not | 

flexible and can be applied only with | 
moderate precision. 

3. Reflex Copying using glass negatives 
from opaque master layouts. This method 
provides for extreme accuracy but is suit- | 
able only for small layouts, say 2 ft. sq., 
as glass negatives are difficult to handle 
in sizes larger than this. 

4. Reflex Transfer method which will give 
sufficient accuracy for all normal pur , 
poses and provides for the transfer of a 
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drawing or loft from opaque material on 
to an opaque material. This is capable 
of copying to the same size only and gives 
white lines on a grey background. It 
is, however, simple and easy to operate. 
It is also capable of being applied to any 
size of work up to 8’ x 4’. 


7.1. OFFSET LITHOGRAPHIC PROCESS 

This process has been developed by 
Messrs. E. S. and A. Robinson, and is known 
as the “ACT” Process. It is one of the most 
promising processes so far established and 
has been in use for a number of years with 
extremely good results. By this process the 
layout is drawn on _ specially prepared 
aluminium sheet. The mat surface is 
obtained by placing the template on a jogg- 
ling table. A liquid containing carborundum 
or cutting powder is floated over the surface 
of the template and the whole surface of the 
template is covered with glass marbles. When 
the table is joggled or agitated by a lever 
operated from a cam on an electric motor, 
the constant scouring action of the glass 
marbles and the emery powder over the sur- 
face produces a delicate mat surface which 
takes ink or pencil readily. 

The draughtsman can make his layout in 
pencil on the surface of this template, and 
subsequently ink in with a special self- 
hardening water-resisting drawing ink. The 
ink is prepared in various colours so that a 
complicated drawing can be completed in 
separate colours which can afterwards be 
separated out in the reproduction process if 
necessary. Previous to the draughting the 
template can be marked out with grid lines 
which can be neutralised so that they will 
not print as part of the reproduction if this 
is required. The ink applied to the template 
hardens within an hour and _ becomes 
insoluble in water. A cleaning preparation 
will remove unwanted lines and additional 
lines can be inked in at any time without any 
special preparation of the surface. 

In order to draw off an impression, the 
Plate is degreased and the lines are charged 
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with ink by the lithographic process. 
impression is then taken on to a transfer 
plate and the transfer plate is then used to 
transfer the image on to the template. 

In carrying out the lofting the master plate 
must be kept as clean and free of grease as 
possible, but the surface can be rendered 
grease free by wiping with a wad of cotton 
wool and 4 per cent. sulphuric acid. Errors 
or alterations can be effected by removing 
the lines with acetic acid. 

In order to process the plate after draught- 
ing, and preparatory to reproduction, the 
surface of the plate is cleaned with 1 per 
cent. sulphuric acid and dried. A chemical 
is then applied to the template to render it 
insensitive to grease, and gum is then 
swabbed in over the whole surface and the 
template is dried, the gummed layer being 
applied as evenly as possible; the gum is 
then wiped off with a sponge and the surplus 
water wiped off with a cloth pad. The plate 
is then inked in by a printing roller charged 
with printer’s ink. As the plate is still damp, 
those parts which have not been lined in 
resist the printing ink, and since the lines 
which have been inked in are slightly greasy 
they resist the flow of water over the surface 
occupied by them, with the result that the 
lines comprising the layout become charged 
with ink. The template can now be used as 
a printing plate from which prints can be 
taken. 

It is usual not to use the master loft for 
the production of the copy templates, but to 
use what is known as a copymaster. This is 
produced in the following way. A piece of 
light gauge specially flattened plate is coated 
fairly thickly with gelatine to produce a 
transfer plate. The template to be trans- 
ferred to a copy original is inked in by gum- 
ming and damping and subsequent rolling 
in with ink. It is passed through a press 
similar in design to an ordinary mangle with 
the inked in surface in contact with the 
gelatine surface of the transfer plate. 

The rollers of the press can be adjusted in 
a very sensitive manner to accommodate 
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exactly the thickness of the template and 
the transfer plate, as it can readily be seen 
that any undue pressure will cause the gela- 
tine to deform and thus the accuracy of the 
reproduction will be affected. The inking of 
the master plate and subsequent inking 
operations are done with a roller which is 
similar to a rolling pin, covered with felt. 
It is rolled on to a block or stone on which 
a quantity of black printer’s ink is placed. 
It thus takes up a coating or surface of ink. 
When this is rolled over the prepared master 
the lines can take up a charge of ink from 
this roller. 

After the transfer plate and the master 
plate have been passed through the press 
they are separated and the reverse image of 
the master is impressed in ink upon the gela- 
tine transfer plate. A piece of sheet 
prepared in exactly the same manner as the 
layout metal is now placed face upwards 
with the gelatine transfer plate, and the press 
is set to the correct thickness. These two 
can now be passed through the press and the 
image is then transferred from the transfer 
plate to the template. 

After the loft office master has been used 
to prepare the transfer plate it is washed off 
with spirit to remove all trace of printing 
ink; it is then gummed over and can be 
returned to the lofting room. It is there 
filed away as a record of that particular loft 
and additions, deletions or alterations can 
be made to it at any time. 

The copy master which has been taken off 
the gelatine roll can be allowed to dry and 
be processed in exactly the same manner as 
the loft room master and as many impres- 
sions as are required can be taken off from 
it on to template material. 

The template material is prepared by 
thoroughly cleaning specially flattened and 
stretched steel sheeting and then coating the 
surface with a coloured printer’s ink. This 
ink is of proprietary manufacture and is 
called Densatone. The template material is 
flowed over with a thin film of di-acetone- 
alcohol, after which Densatone ink can be 
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applied with a pad to cover the whole sur- 
face. The colour most used is blue. 


To print the templates a copy original is , 
gummed in thinly, washed out with asfeltum 
and then inked in with the roller as described 
before. The inked image is then transferred } 
to a gelatine transfer plate by passing both 
through the rollers of the press face to face. | 
The transfer roll is then passed again | 
through the press, this time with a piece of | 
template material. This results in the inked | 
image being transferred to the template sur- | 
face. The surface of the template is then 
dusted with aluminium powder, which | 
adheres to the tacky surface of the ink to 
which has been added a quantity of varnish. | 
The lines of the template are then shown up | 
as a silver colour upon the coloured back- 
ground of the template. 

With each impression the transfer plate 
is cleansed thoroughly with petrol and a 
fresh impression is taken off the copy 
original, again to be transferred to a new 
template. Any details of the template which 
are poor in impression can be made good by 
a simple transfer process from the original — 
template. It is possible to transfer any part 
of a master template by gumming, washing 
off and inking in the required part of the 
surface. A thin transparent piece of perspex ) 
which has been coated with gelatine can be 
used as a transfer plate. This is applied to 
the copy original by hand and a roller pres- 
sure is applied to lift off the desired ink lines 
from the surface of the template. These 
lines can then be transferred back to make 
good the bad spots in the template. 

After the template has been completed it 
is washed over with a coating of water 
soluble shellac varnish. Where an image is 
symmetrical about a centre line, it is neces- 
sary only to draw one half of a loft. This 
can be doubled over to produce a full copy 
original, by using transparent sheeting as 4 
transfer plate. 

First a copy of the half drawing is made 
direct on to a metal plate without using an 
intermediate transfer plate. This half print 
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can then be protected with gum up to the 
centre line. The half drawing is then passed 
through the press with the gelatine transfer 
plate, and this is then passed through the 
machine again, this time in contact with a 
transparent transfer plate. This reverses the 
image. The transparent transfer plate is 
then lined up with the centre datum line 
drawn on the master drawing and which 
has already been transferred to the metal 
plate. If the metal plate and the celluloid 
transfer are now pulled through the machine 
it will be found that the other half of the 
drawing has been printed on to the metal 
template. This metal template can now be 
processed and used as a full copy original. 

In printing the grids, if it is desired to 
have an inert image after the grids have been 
printed, washing out with carbon-tetra- 
chloride will remove the varnish content of 
the ink. The dye is left on the plate and 
the image can be made inert by rubbing over 
with a 1 per cent. solution of sulphuric acid, 
which removes the remains of any grease so 
that the lines will not charge with ink. 
Alternatively, the grid can be made to print 
by leaving the ink in its original form. 

The offset lithographic process is a direct 
contact process which guarantees accuracy 
within the limits required. It is simple and 
no special machinery is required to operate 
the process. The main piece of equipment 
is a roller press which is reasonably cheap 
to buy. The process is easily learned and 
can be operated with the minimum amount 
of skilled labour. Also, it is extremely cheap 
to operate when compared with photo- 
graphic reproduction as no special dark or 
Processing rooms are required. Alterations 
can be made readily and incorporated in the 
originals or transferred to copy originals. 

The time taken to process one plate tem- 
plate is about 15-30 minutes and any number 
of templates can be taken from one master. 
It is possible to transfer a loft to plywood 
for the manufacture of jigboards, rubber die 
tools, and so forth. In order that a record 
can be kept of the template in the Drawing 


Office, it is easy to pull off an impression on 
paper. 

A minimum number of operators are 
required in the Reproduction Department to 
process and produce the templates and the 
special equipment required is extremely 
small. The only special piece of machinery 
is a roller press used to take the impressions, 
which costs somewhere in the neighbourhood 
of £250. The rest of the equipment can be 
obtained from the ordinary plant resources 
of the company and is composed of benches, 
stands, racks and tables. The department 
should be laid out so that the templates are 
passed from one process to another in a 
direct line, eliminating all unnecessary hand- 
ling and transport. 


8. THE USE OF TEMPLATES IN THE 
SHOPS 

The use of the lofting technique and the 
reproduction of templates has considerably 
speeded up the production of prototype air- 
craft and the interchangeability of compo- 
nents from varying sources has been greatly 
improved in accuracy. There are, however, 
some snags which become apparent when the 
system is put into use. 

It is usual to employ the templates in one 
of two ways: either as a drawing from which 
direct comparison can be made, in which 
case the template is put into use exactly as 
it is received from the reproduction depart- 
ment; or to cut the template out to contour 
and use it in this manner. With the use of 
the template as a drawing all dimensions 
have to be picked off by direct comparison 
using dividers, etc., and this entails some 
marking off in the shops. 

With a contoured template the template 
can be laid direct on to the material to be 
cut and scribed around to provide profiles; 
and holes can be marked off quite easily 
where these are drilled through the template, 
and so forth. For the production of a pro- 
totype and for tooling it is recommended 
that this method be adopted. 

An extension of this technique is to build 
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up and prove a complicated assembly by 
means of templates cut from the reproduc- 
tions and to prove all mating holes and 
surfaces in this manner before the produc- 
tion of tools or components begins. Thus 
the master template for a rib would be com- 
posed of a flat template to the exact contour 
of the rib and the other braces, brackets, 
booms, etc., would be cut from template 
material, these odd pieces being picked off 
from the main template and printed on 
scraps of material if desired. Mating holes 
would be drilled and the whole assembly 
bolted together to ensure that every com- 
ponent marries up in all respects. The small 
separate templates are afterwards used to 
produce various tools and components, etc., 
with the knowledge that the assembly has 
been proved and will go together correctly. 

It is with the contouring and drilling of 
templates that the possibility of error creeps 
in. There is the difficulty of cutting out the 
templates to maintain exact duplication and 
identity without the use of skilled labour and 
the difficulty of drilling holes exactly on the 
intersection of the lines indicating the centre 
of the hole. 

It is usual to provide more than one set 
of contour templates for use in the shops. 
In some establishments it is the practice 
to provide three such sets of templates, one 
of which is assumed to be the master and is 
kept by the Inspection Department as a 
check upon all the others; one other is for 
use in the shops, and the other is maintained 
as a production standby and, in cases where 
sub-contracting is done, for use by any sub- 
contractor. Duplication of profile can be 
helped by cutting the whole batch of such 
templates out at once and dressing them up 
together. vertical cutting and_ filing 
machine is of great assistance here. Care 
must be taken, however, to see that where 
the periphery is filed on three or more tem- 
plates at one time, that the edges are per- 
fectly square with the surface of the template, 
as otherwise dimensional accuracy between 
the set will be affected. 
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Again, where a template is symmetrical 
about the centre line inaccuracy can creep in 
in the cutting out process. Even a small 
error here would be fatal in the production 
shop because it is possible to apply a con- 
tour template from either side and doubling 
over will, of course, double the amount of 
error. For this reason it is as well to issue 
standard instructions governing the technique 
to be used in the cutting out and to cut 
always to the outside of the printed line. It 
is generally impossible to obtain printed or 
photographed lines less than .005 in. in 
thickness and generally speaking, the thick- 
ness of these lines will be more in the neigh- 
bourhood of .010 in. and .012 in. Unless we 
specify which part of the line is to be cut 
the inaccuracy can be of this order. 

All templates should be inspected after 
cutting out and this can be done by laying 
the template on to another uncut template 
and matching up the profile as cut and as 
drawn. 

It should be possible to evolve a template 
cutting machine which uses a template as 
master on a duplicating pantograph system. 
The first template would then be cut out to 
the line by hand by a skilled operator and 
thereafter duplication could take place on 
the machine, using unskilled labour for any 
number of templates. I have no knowledge 
of such a machine being put into use at the 
moment. 

Where templates are profiled, built up and 
all marked holes are drilled, it is of no use 
maintaining a high order of accuracy in 
drawing templates and in reproducing them 
unless that same accuracy is maintained in 
the drilling operation. There are certain 
devices which can be employed. 

The best one uses an optical centring 
device which enables one to sight through a 
magnifying system, marrying the cross lines 
on the template with graticules set in the eye- 
piece. A drill bush is employed as part of 
the centring device and since the optical 
device uses a system of prisms the eyepiece 
need not be removed during the drilling 


| 
| 
| 
| 
| 
| 
tl 
ir 
ce 
th 
sit 
be 
ne 
ter 
i ter 


LOFTING AND TEMPLATE REPRODUCTION 


operation. Thus, the bush can be used to 
set, drill and guide the hole in position 
through the template. Since it is usual only 
to employ a small diameter drill to register 
the piloted holes on the template a standard 
uniform size should be used throughout, 
say 3/32 in. 

Where components are symmetrical and 
can be turned over the necessity for deter- 
mining accuracy in the positioning of holes 
can be seen clearly. Templates badly drilled 
can be as much as half a hole out on the 
turnover and this will ruin the whoie basic 
idea behind the template technique. It is, 
therefore, an imperative necessity to devise, 
maintain and operate machinery for cutting 
the profiles of templates and drilling them. 

It should be stressed that accuracy should 
be maintained by mechanical means rather 
than by the use of skilled operators. 

The Inspection Department should be pre- 
pared to accept all production tools by direct 
comparison off templates. As it is customary 
to accept finished components off inspected 
and approved tooling the connection between 
the template and the finished component is 
readily seen. It is possible also for the 
Inspection Department to use master tem- 
plates as a basis for building up acceptance 
fixtures if such a technique is customary in 
the organisation. The template can be 
mounted on a ply base and dowels or pegs 
inserted around the profile which could be 
used to form a cage to accept the component. 
Bushes can be employed at the strategic hole 
centres and the use of pins through the com- 
ponent and into these bushes would prove 
the accuracy or otherwise of the finished 
component. The template does make a 
fairly useful base for such tools, as of neces- 
sity the template material is hydraulically 
flattened and stable. 

Another use to which the templates can 
be put is the provision of nests for drill jigs, 
press form tools, and so forth. If the thick- 
ness of the saw employed to cut out the 
templates is fine, then the scrap around the 
template can be used to provide a nest to 


locate the component for all sorts of tools. 
With production of small quantities this can 
provide very cheap but accurate tools. 

Unless one set of master templates is 
retained for inspection purposes by the 
Inspection Department, the templates them- 
selves are open to abuse by the production 
and tool shops. 

It is not unknown for an operator to dress 
the template to suit the tool or component 
being made. This practice could, of course, 
be defeated by plating the edge of the tem- 
plate over with copper or painting with a 
special type of paint which, if removed, 
would show that the template had been tam- 
pered with. Another method which, although 
costly, would prevent this practice is the 
deposition of hard chrome about the edge 
of the template. Metal could then only be 
removed from the template by grinding. 

It is necessary to issue to the shops the 
same data sheet issued to the loft department 
in order that the same standard interpreta- 
tion of bend lines, contours, etc., shall be 
used when the templates are put into produc- 
tion. 


9. SUMMING UP 


It seems highly possible with the benefit of 
experience gained in the use of lofted tem- 
plates to do without production drawings on 
paper in the production shops and instead, 
to substitute drawings in the form of metal 
templates which are not dimensioned, but 
present in a graphic form for easy com- 
parison, the outlines of the parts which have 
to be manufactured. 

The lofting technique will save time in the 
shops because the lines once placed full size 
and true to scale as an image on a metal 
plate need not be laid out in the shops, thus 
shortening considerably the time between the 
production and design of the prototype air- 
craft. 

One disadvantage is that it is less easy to 
withdraw and modify a complete set of tem- 
plates than to modify a set of blueprints. 
Thus, the introduction of a large number of 
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modifications will upset lofting procedure 
considerably. However, the necessity for the 
introduction of drawing amendments could 
be cut down to a minimum with lofting 
procedure, since this technique throws up in 
the drawing stage mistakes, fouls, and bad 
fairlines which formerly have only been dis- 
covered and corrected by drawing amend- 
ment when production is beginning in the 
shops. Where a true modification to design 
is concerned this should take no longer by 
lofting methods than by ordinary Drawing 
Office procedure, as the number of drawings 
required to introduce an alteration to an 
assembly can be considerable, whereas that 
same assembly can be, and often is, depicted 
on one lofted template, the alteration and re- 
issue of which would cover the whole 
modification. 

It would seem to me that if this substitu- 
tion of working drawings were brought 
about, some training of shop personnel to 
accustom them to use a template and not a 
drawing would be necessary. During the 
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war, because of the very rapid expansion of 
the Industry and the consequent employment 
of totally unskilled labour the Americans 
adopted the issue of isometric, three-dimen- 
sional, or pictorial drawings, so that the 
unskilled operator could have a better mind 
picture of the component to be produced 
than that provided for him by the scrutiny 
of normal engineering drawings. 

On most lofted templates there are usually 
fairly large spaces unoccupied by detail 
work and I would like to suggest that in 
order to extend the usefulness of the lofting 
technique it would be possibe to draw on 
the template itself in any such clear space, a 
pictorial representation of the finished com- 
ponent, not necessarily to scale. This pic- 
ture would assist the operator in a similar 
manner to the provision of an isometric 
drawing. 

Finally, the use of the lofting technique 
can result only in an immense improvement 
in accuracy and interchangeability between 
aircraft. 


DISCUSSION 


Sir John Buchanan: They had had an 
excellent and able review of the art of lofting 
curves and the production of templates for 
the manufacture of aeroplanes. He had to 
confess that he had been surprised at the 
amount of ingenuity and trouble taken with 
the subject, compared with the normal prac- 
tice in this country, which seemed to him 
relatively simple. 


They were much indebted to Mr. Woodley 
for the preparation of the paper and to Mr. 
Burnard for delivering it to them. He would 
accord to him a very warm vote of thanks, 
which he hoped he would also convey to 
Mr. Woodley. 

Mr. C. P. T. Lipscomb (Chief Designer, 
Short Brothers (Rochester and Bedford) Ltd., 
Fellow): The lecturer had presented the use 
and advantage of lofting reproduction 
extremely well. 

As Chairman of the S.B.A.C. Reproduc- 
324 


tion Committee he thought he could say that 
he and his members had been gratified by 
the enthusiasm shown by all the firms which 
had taken up the system. It was now no 
longer a case of preaching the Gospel to the 
unconverted, as all firms were now con- 
verted. The Committee had studied all 
methods and could supply both advice and 
information to all firms seeking it. The 
Committee was still sitting and the advice 
was still available. 

He welcomed the introduction of layout 
reproduction chiefly because he believed the 
link between the design side and the produc- 
tion side should be closer and he felt that this 
was a strong means of bringing those two 
departments of the firm together—a close 
association which he considered to be essen- 
tial in a successful firm. 

Another thing he agreed with was that the 
layout and reproduction department should 
be a part of the design organisation, as 
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obviously it was an extension of the Drawing 
Office. 

The lecturer had spoken of several 
methods of layout reproduction. They had 
been considered by the Committee and they 
felt that the normal photographic and litho- 
graphic reproduction would probably serve 
the needs of the country for some consider- 
able time. They were still investigating other 
methods for he felt that they should get some 
information on them for firms interested. 

His firm had adopted lithographic repro- 
duction and in some ways they thought it 
simpler than the photographic. But it had 
one great disadvantage, due to the fact that 
a lot of the work done in the loft was usually 
done in the Drawing Office. If more and 
more work was being done in the loft, then 
the drawing office which wanted relevant 
information very often in their work found 
great difficulty in getting the information. 
They could not obviously take the layout 
shop into the office; and they objected to 
receiving pull-offs because of their size. So 
it seemed to suggest that lithographic repro- 
duction should be accompanied by some 
form of camera in which reduced drawings 
could be made for the use of the Drawing 
Office as a reference. 


Mr. Burnard: This was an appropriate 
moment to mention Dr. Batley, because he 
had given considerable help in the compila- 
tion of the photographic side, and at that 
Stage it was right that he should give him 
public thanks for that help. 

He agreed most warmly with Mr. Lips- 
comb’s remarks about the use of the litho- 
graphic process, and in fact E. S. A. 
Robinson Ltd. recommended the use of the 
photographic technique in conjunction with 
lithographic templates in order to provide 
some means of scaling down, as distinct from 
the point mentioned — the provision of 
accurately scaled-down templates for use in 
the drawing office. 

With the lithographic process it was pos- 
sible to draw off on paper a reproduction of 
the template to size, but such draw-offs on 


paper could not be scaled as a means of 
providing direct measurements as paper was 
not sufficiently stable to permit this. By the 
photographic technique the scaled-down 
accuracy was of the order of .001 per foot 
and it could be used to take off any dimen- 
sions required by multiplying by the neces- 
sary factor. Mr. Lipscomb was right 
in mentioning that as one of the limitations 
of the lithographic process. 

He had with him some reproductions 
showing the various kinds of templates. 

One was the lithograph template showing 
silver lines on a blue background. Vickers- 
Armstrongs Ltd. (Supermarine) used a built- 
up template by the lithograph process. For 
example, all the members, booms, brackets, 
braces, etc., going to make up a rib were cut 
out and drilled and then bolted together to 
build up a complete component in the flat. 
By this means it was possible to prove that 
any assembly would go together provided 
that the details were made to the templates. 

Another showed the type of line which 
could be expected by projection by photo- 
graphic means—that was a positive print. 

Another was the type of template obtained 
when the reflex copying technique was 
adopted. One really had a negative—white 
lines on a grey background; it was not pure 
black. 

One sample showed the means whereby, 
using the transfer or the photographic tech- 
nique it was possible to reproduce the loft 
directly on to wood or any other material. 
It could, for example, be a rib needed for 
use, and it could be photographed directly 
on to the metal. 

Another was a sample of Kodatrace which 
had a nitro-cellulose base and was fairly 
stable. They used a similar material in their 
projection machines for screw-thread-form, 
form tools, and so on, for enlargement pro- 
jection up to twenty times or so for com- 
parison purposes. 

Mr. G. White (Handley Page Ltd.): It was 
evident that Mr. Woodley had gone into the 
subject in great detail, so that anything he 
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might say was not criticism in principle, but 
detail only. 

Several times in the course of the paper 
it was asserted that by using the photolofting 
methods a prototype could be produced 
faster. He was a great enthusiast for photo- 
lofting, but he thought the statement needed 
qualification. Unfortunately not all proto- 
types were followed by large production 
orders and it was open to argument as to 
whether a single prototype could be built 
faster with photolofting than without. 

He did not quite understand why Mr. 
Woodley advocated temperature control in 
the loft room (which would presumably be 
65 to 70° F.), especially since the templates 
might be turned out to the shops with a tem- 
perature of, say, 32°. 

There was another point which should 
have been made in favour of the camera 
method of correction to original layouts as 
compared with the lithographic method. 
With the camera layout it was the normal 
draughtsman’s practice to use a rubber when 
making a correction. 

There was a firm in the country which was 
exploiting the reflex method and doing it 
successfully on 8’ x 4’ sheets. It demanded 
a good deal of expert processing, but once 
that was mastered it was convenient and was 
being done very successfully. 


Mr. Burnard: It was argued that the time 
for the production of the prototype was 
reduced for the following reasons : —if lofting 
was used to supersede detail design work in 
the Drawing Office, as outlined in the paper, 
Drawing Office time would be saved since it 
would be necessary only to provide schemes, 
general outlines and arrangements to the loft. 

Little detail design would be necessary. 
The loft would supply the production shops 
with templates which had been proved, thus 
saving time in preproduction laying out. All 
interferences and bad fairlines and drawing 
errors would be eliminated in the loft, thus 
effecting still further saving of time in the 
shops and the Drawing Office, which would 
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both have extra work to do where drawings 
containing errors had been issued. 


It was common experience that very often 
the preproduction departments made the 
necessary alterations to a component to 
bring it into line without informing the 
Drawing Office of errors and this caused a 
lot of subsequent trouble in tooling and pro- 
duction. This would be eliminated by the 
loft. The personnel necessary to operate the 
loft and reproduction departments had to be 
found, but even where the prototype was not 
followed by subsequent orders a good saving 
in time and temper would be effected. 

As to temperature control, an even tem- 
perature was necessary for the comfort of 
personnel and to ensure that no day to day 
variation in dimensions took place which 
would confuse the loftsman during the lay- 
ing out. Even if the template was subse- 
quently used in a shop at 32° this would still 
be desirable. No shop was unheated in a 
modern factory and the shop stewards would 
soon complain if the temperature fell below 
50°. 

The D.M.S. ink now used for drawing the 
lithographic loft was almost as simple to 
remove as it was to use a rubber for a pencil 
line. 

The reflex method of photographic repro- 
duction was covered in the paper and it was 
agreed that it was successful using 8’ x 4 
sheets. 


Mr. J. McKenna: He did not agree that 
photolofting was a saving of time in the 
Drawing Office. By the old methods the 
shops used to set out the templates in a ver- 
tical and a horizontal plane, by calculations 
from drawings and using the Vernier Height 
gauge, marking out to contour, drilling by 
jig borer and so on, which was a long process. 
In the process of photolofting the whole res- 
ponsibility for the accuracy of the job was 
now on the Drawing Office. The claim of 
saving in time in production was agreed, but 
from the Drawing Office outlook there was 
no doubt it was a longer job and if prototype 
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LOFTING AND TEMPLATE REPRODUCTION 


aircraft went into production then Drawing 
Office time would have to be increased. 

The Lanston Camera was an expensive 
apparatus, calling for special operators, dark 
rooms and expensive arc lights. These were 
thrown out because of the background and 
shadow and they were now using mercury 
vapour lighting for the point mentioned in 
the paper. 


Mr. Burnard: Someone had to lay out the 
components, whether in the shops or the 
Drawing Office. The point was that the 
shops tended to lay out more than once 
whereas the loft done by the Drawing Office 
was done once only under ideal conditions 
by skilled personnel. Some increase in Draw- 
ing Office staff was necessary but this was 
more than balanced by the savings accom- 
plished elsewhere. 


Dr. A. Batley (Kodak Limited): He could 
not accept the suggestion that photographic 
equipment was necessarily very expensive. 
There were about a dozen different methods 
of making accurate reproductions of a tem- 
plate and it was difficult for any one person 
to express a really reliable view as to their 
relative merits because it needed direct 
experience for anyone to appreciate the 
advantages and disadvantages. 

As regards equipment in comparing litho- 
graphic with photographic methods, they 
should be compared on fair grounds in the 
sense that the cost of the lithographic process 
should be compared only with that of photo- 
graphic methods of the contact printing type. 
Camera copying techniques involved more 
expensive equipment which, however, were 
of much wider and more versatile application. 
Lithographic and photographic methods, 
therefore, should be compared, as regards 
installation and running costs, only for the 
same purpose and similar size of reproduc- 
tion. He felt sure that there would then be 
very little difference indeed in the cost of the 
installations and, in fact, there was some 
similarity in the general nature of the major 
items. 


The question of camera installations and 
the atmosphere around it had in some res- 
pects suffered rather from the importation of 
the two Lanston Monotype cameras which 
had been mentioned. They were very fine 
cameras, and the Monotype Corporation was 
well-experienced, but their cameras were not 
originally evolved for that purpose; they 
were modified for it, and were over- 
elaborate, expensive and not in all respects 
ideally suited. Since the time of their intro- 
duction other cameras had been evolved 
which were much more suitable for the pur- 
pose, and at only a fraction of the cost. The 
photographic process was taking rather 
longer than it should to live down the repu- 
tation for expensiveness. The cost was not 
necessarily high and a camera installation 
had wider applications than the lithographic 
process. It had already been generally 
accepted, in fact, that, to give full service, 
lithographic installations alone were incom- 
plete and must be supplemented by a camera 
installation. That being so, photographic 
methods might as well be used throughout. 

Mr. Burnard had mentioned the advantage 
of including on the layout reproduction an 
actual pictorial view of the part to be made. 
That could be done easily photographically, 
because a composite negative could be made 
to print both on one sheet of metal. 


Mr. W. A. Robinson: If the procedure of 
using master layouts was adopted for detail 
viewing, instead of using drawings, surely 
the floor space required would be extensive? 


Mr. Burnard: The suggestion was made 
that master layouts should be used for the 
detail viewing of ribs, where such a system 
of inspection was in current use in the shops. 
What was meant by this was that it was 
established practice in many aircraft firms, 
where relatively unskilled labour was 
employed for detail inspection, to provide 
acceptance gauges which would contain the 
profile of the ribs and check any salient pick- 
up points, and so on. 
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DISCUSSION 


It was suggested that in order to save time 
in the manufacture of these acceptance 
gauges that the master layout be used as a 
base mounted on 3-ply upon which the 
acceptance gauge could be built up around 
the profile and so on. It was suggested 
merely as a saving in time in the production 
of these gauges, and the storage question did 
not enter into it because where the system 
was established the acceptance gauges had 
to be stored anyhow. 

If the question meant that master layouts 
were to be used in lieu of drawings for the 
inspection of details, it was not the lecturer’s 
intention to go so far as to recommend the 
withdrawal of all lithograph templates every 
time a part had to be viewed. Mention was 
made in the lecture that the tie up between 
the part and the lithograph template was by 
means of the tool and if the tool had been 
accepted off the lithograph template then 
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the detail part could be accepted straight off 
the tools. 

Where the storage of master templates was 
concerned the solution was to store them 
vertically, and where small contour templates 
were concerned these were to be stored in 
bins. In practice comparatively little space 
was required. 

Finally, the point he had made in regard to 
inspection was that the templates were 
accepted as being the master profiles. Tools 
were then inspected and accepted to those 
templates. The component details were then 
either accepted off the tools or, if assemblies, 
in an acceptance gauge such as described in 
the paper. The idea behind inspection with 
lofted templates was that first of all you 
accepted your outlines off templates and then 
accepted the components off approved out- 
lines. The chain between the component 
and the master template was complete. 
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SUMMARY. 

In this paper an explanation is furnished as to why linear simultaneous equations arising 
in structural problems are, in certain circumstances, sensitive or “ill-conditioned,” and an 
indication is given concerning the physical significance of this sensitivity. Means are also 
discussed whereby difficulties of this kind may be overcome. 


CONTENTS. 
1. Nature of the Equations of Least Work. 
2. Example of Conditioning of Structural Equations by Choice of “Unknowns.” 
3. Conclusions and Consequential Procedure. 


1, NATURE OF THE EQUATIONS OF LEAST WORK. 
As an indication of the kind of equations which arise from the application of 
Castigliano’s principle of least internal work, let us consider the case of an elastic structure 
in which there are, say, three undeterminate forces T,, T,, T,, and three given applied loads 
We have for the strain energy of the “frame” 
(1) 

and for the “redundant” member (or members) 

where the a,.’s and b,,’s are elastic coefficients. 

There will thus be three least work equations as follows. 


WV + Vy / OT, 2, 3)=0 (3) 
and these will be of the form 


where c,.=a,.+ (r, s=1, 2, 3). 
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Since the a’s and b’s are each coefficients of a positive homogeneous quadratic function the 
c’s will likewise be such coefficients. 

Now it is a matter of common experience that equations like (4), (5), (6) above, which 
arise in practical problems are frequently extremely sensitive to solution by orthodox methods 
owing to their lack of orthogonality and that unless an adequate number of significant 
figures are taken into account in the course of the computation considerable errors may 
accrue in the results. 


If the equations have integral coefficients and if we can avoid any form of approximation | 


then an accurate solution may accordingly be obtained. Difficulties become manifest when 
recourse is had to approximation in pursuance of which the number of significant figures 
employed is insufficient. 

But it would be wrong to reason that because of this the structure is sensitive in the sense 
that inconsiderable variations in the applied loads may produce considerable increments 
or decrements in the values of the internal loads. 

Clearly in the ordinary run of things it is contrary to “physical common sense” to infer 
from apparent theoretical considerations that the internal loads of a stable structure will be 
appreciably affected by slight variations in the values of the external loads. 


It does however appear to be a fallacy to suppose that it is superfluous to work to a greater 
degree of accuracy, in the estimation of the “unknowns” than that which applies to the 
quantities involved in the equations. 


Thus the rational conclusion we come to is that the sensitivity is peculiar to the equations 
and is not characteristic of the loads. In other words, where the equations are sensitive— 
or “ill-conditioned” as such equations are sometimes called—we may err considerably if we 
are content to accept computed values merely because their residuals for the equations are 
relatively small. The only reliable values in such circumstances are those for which the 
residuals are practically evanescent, meticulous accuracy being required if we are to obtain 
results in accord with the values of the quantities involved in the equations. 

So far we have made the tacit assumption that the quantities which constitute the 
“co-efficients” and “constants” of the equations are known or computed to be accurate. 

But the conditioning or sensitivity of the equations may be considerably influenced by the 
particular choice of appropriate members for “redundancies” since the stiffness coefficients 
of the “frame” or structure for forces in their lines of action became of paramount import- 
ance. And if it so happens that mutual or coupling coefficients are comparable in value with 
the self coefficients then the equations may accordingly become ill-conditioned. But this is 
not all, for in these circumstances slight errors in these coefficients may result in consider- 
able changes in the loads required to be consistent with them. Here again it is not a matter 
of the sensitivity of the structure but an inefficient and arbitrary choice of quantities on 
which the results to be determined must primarily depend and which quantities cannot be 
reliably computed or accurately known. 

In any event although great accuracy is needed in the numerical solution of ill-conditioned 
equations the final results cannot of course be true to more significant figures than occur 
in the quantities contained in the equations. 

To illustrate how ill-conditioned equations may crop up let us focus our attention on the 
conic 


f (x, y)=4 + 2a, +4,,y? . 
which if @,,, @2. (@,,@).—),"), are all positive, will be an ellipse. 
330 
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the If now we wish to find the co-ordinates of the centre of this conic we form two linear 
simultaneous equations for them as follows. 

rich of /9x=a,,x+a,.y -d,=0 F (8) 

Of /Oy=a,,.X + — d,=0 ‘ (9) 

‘ant , These equations delineate the diameters of the conic which connect pairs of points of con- 

may tact of tangents parallel to the x and y axes. 


If the coefficients a,,, @,., Gy, are such that these diametral lines cut at a very acute angle 
tion —then the equations for them will be ill-conditioned; and this will occur if (a,,a,,—a,,”) is 
hen small compared with a,, OF dy». 


ures Now in practical problems we obtain in a precisely similar manner, equations like (8), (9) 
from a quadratic function like (7), the resulting linear simultaneous equations being con- 

nse ditioned by the relative values of the quantities corresponding to the coefficients. 

Ill-conditioning becomes manifest in iteration processes no matter how many significant 


figures are taken into account since the convergence may be so slow as to render the process 
nfer abortive. 


1 be 
/ 2. EXAMPLE OF CONDITIONING OF STRUCTURAL EQUATIONS BY CHOICE OF UNKNOWNS. 
ater | To exemplify the implications of the foregoing section we shall consider the case depicted 
the | in Fig. 1. 
q, 
ions | 
"we 
T3 
are 
the Te Te 
tain W 
| 1, 
the } qT, 
the 
ents 
rigs 
with | Let all the members of this braced hexagonal pin-jointed structure be of the same 


is is | ¢Xtensibility, say x,,, per unit load. There are three redundancies or unknowns which, by 
der- Symmetry, reduce to two. 


atter We find from equilibrium at the joints 
V3 v3 1 


ccur } inwhich T,, T, have been arbitrarily chosen as the unknowns. 
For the strain energy of the system, say V, we have 
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Since the a’s and b’s are each coefficients of a positive homogeneous quadratic function the 
c’s will likewise be such coefficients. 

Now it is a matter of common experience that equations like (4), (5), (6) above, which 
arise in practical problems are frequently extremely sensitive to solution by orthodox methods 
owing to their lack of orthogonality and that unless an adequate number of significant 
figures are taken into account in the course of the computation considerable errors may 
accrue in the results. 


If the equations have integral coefficients and if we can avoid any form of approximation 
then an accurate solution may accordingly be obtained. Difficulties become manifest when 
recourse is had to approximation in pursuance of which the number of significant figures 
employed is insufficient. 

But it would be wrong to reason that because of this the structure is sensitive in the sense 
that inconsiderable variations in the applied loads may produce considerable increments 
or decrements in the values of the internal loads. 

Clearly in the ordinary run of things it is contrary to “physical common sense” to infer 
from apparent theoretical considerations that the internal loads of a stable structure will be 
appreciably affected by slight variations in the values of the external loads. 


It does however appear to be a fallacy to suppose that it is superfluous to work to a greater 
degree of accuracy, in the estimation of the “unknowns” than that which applies to the 
quantities involved in the equations. 


Thus the rational conclusion we come to is that the sensitivity is peculiar to the equations 
and is not characteristic of the loads. In other words, where the equations are sensitive— 
or “ill-conditioned” as such equations are sometimes called—we may err considerably if we 
are content to accept computed values merely because their residuals for the equations are 
relatively small. The only reliable values in such circumstances are those for which the 
residuals are practically evanescent, meticulous accuracy being required if we are to obtain 
results in accord with the values of the quantities involved in the equations. 

So far we have made the tacit assumption that the quantities which constitute the 
“co-efficients” and “constants” of the equations are known or computed to be accurate. 

But the conditioning or sensitivity of the equations may be considerably influenced by the 
particular choice of appropriate members for “redundancies” since the stiffness coefficients 
of the “frame” or structure for forces in their lines of action became of paramount import- 
ance. And if it so happens that mutual or coupling coeflicients are comparable in value with 
the self coefficients then the equations may accordingly become ill-conditioned. But this is 
not all, for in these circumstances slight errors in these coefficients may result in consider- 
able changes in the loads required to be consistent with them. Here again it is not a matter 
of the sensitivity of the structure but an inefficient and arbitrary choice of quantities on 
which the results to be determined must primarily depend and which quantities cannot be 
reliably computed or accurately known. 

In any event although great accuracy is needed in the numerical solution of ill-conditioned 
equations the final results cannot of course be true to more significant figures than occur 
in the quantities contained in the equations. 

To illustrate how ill-conditioned equations may crop up let us focus our attention on the 
conic 

f (x, (a,x? + 2a,.xy . 
which if @,,, @.. (@,,@..—4,,."), are all positive, will be an ellipse. 
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If now we wish to find the co-ordinates of the centre of this conic we form two linear 


simultaneous equations for them as follows. 


of /O9x=a,,X+a,.y -d,=0 : (8) 
These equations delineate the diameters of the conic which connect pairs of points of con- 


tact of tangents parallel to the x and y axes. 


If the coefficients a,,, as, @.., are such that these diametral lines cut at a very acute angle 
then the equations for them will be ill-conditioned; and this will occur if (a,,a,.—,,°) is 


small compared with a,, Or ay». 


Now in practical problems we obtain in a precisely similar manner, equations like (8), (9) 
from a quadratic function like (7), the resulting linear simultaneous equations being con- 
ditioned by the relative values of the quantities corresponding to the coefficients. 


Ill-conditioning becomes manifest in iteration processes no matter how many significant 
figures are taken into account since the convergence may be so slow as to render the process 


abortive. 


2. EXAMPLE OF CONDITIONING OF STRUCTURAL EQUATIONS BY CHOICE OF UNKNOWNS. 


To exemplify the implications of the foregoing section we shall consider the case depicted 


in Fig. 1. 
7 
3 
W WwW 
Ts qT, 
Fie: 


Let all the members of this braced hexagonal pin-jointed structure be of the same 
extensibility, say x,,, per unit load. There are three redundancies or unknowns which, by 


symmetry, reduce to two. 
We find from equilibrium at the joints 


inwhich 7,, 7, have been arbitrarily chosen as the unknowns. 


For the strain energy of the system, say V, we have 


2V 
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or 
( (24) WT, +2WT,+6W?. 


To find T,, T., we have | 
ar, (75 ™ | 


=0, or - (4) T,+4T,= -1W, 
from which we obtain 7, =(3 3/8)W, T,=(1/8)W. 

In this case the equations for the unknowns are well conditioned; for the “angle” between 
them we find tan v= 1.039, or J=46° app. 


/ 
It is easily seen that T,= W - T,- (+7) T, and T,= ( +, ) T,-T,; sub- 


stituting these values in the strain energy expression we obtain 


= 37,1, 3WT, - WT, + 3W*. 
For the unknowns, now T,, T;, we have 
MT, =0, or 57,4+ V3T,=¥v 3W, 
\ 


from which we obtain 7, =(3 ¥3/16)W, T,;=(1/16)W. In this case the equations for the ’ 
unknowns are also well conditioned; for the “angle” between them is given by 
tan Y= 1.256 or app. 
Next we substitute for T, its value T,= - /3W+2¥/3T,- /3T, and the strain energy 
quadratic for T,, T,, transforms to 


_ 607.2 - +16T;?- 72WT, +28WT, + 24W*. 
11 
For the unknowns, now T,, T,;, we have 
| 
dT, =0, or 60T, 36W, 


oF ot 247, 4167, = 14. 
oT, 
From which we obtain 7,=(5/8)W, T,=(1/16)W. In this case the equations for the 
unknowns are not so well conditioned; for the angle between is given by 


tanv¥=4/19 or Y=12° app. 


3. CONCLUSIONS AND CONSEQUENTIAL PROCEDURE. 


We have demonstrated that sensitive or ill-conditioned linear simultaneous equations for | 
the calculation of the loads in a structure are not necessarily indicative of sensitivity in the 
reactions resulting from slight variations or inaccuracies in the applied loads; and that the 
sensitivity of the equations is affected by the choice of the unknown in the process of the 
formation of the equations. In general the equations will be best conditioned when the 
self coefficients, whether they be stiffness or flexibility, are large compared with the mutual 
or coupling coefficients, i.e., when the c,,’s of equations like (4), (5), (6), of §1 are. taken 
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by and large, greater than the c,,’s and in these circumstances an iteration process for their 
solution appears to promise the quickest and most approximate results for the same amount 
of computational labour. Next came elimination processes. Even if these are worked to a 
sufficiency of significant figures, the labour entailed is not unduly arduous, assuming that a 
calculating machine is available. 


But it cannot be over-emphasised that if the equations are very ill-conditioned we must 
not be satisfied with small residuals. 


Sometimes we may find that the sensitivity or ill-conditioning mainly affects one or two 
of the variables involved in which case we must compute such to a high degree of accuracy. 
When however we find it inexpedient or difficult to form the equations in the best way 
for conditioning then the escalator process described in the reference below appears to be 
satisfactory from the point of view of economy of computational labour for accuracy to an 
assigned number of significant figures. 


REFERENCE. 


i. “An Escalator Process for the Solution of Linear Simultaneous Equations.” Phil. Mag., Sec. 7. 
Vol. 37 (1946). J. Morris. 
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He has had practical experience in the main- 


tenance of various types of aircraft. 


INTRODUCTION. 

The title of this paper is the result of 
practical experience in the maintenance of 
aircraft, combined with a view to trying to 
improve the design standard in future air- 
craft. In the past, engineers, especially air- 
craft engineers, have put up with a consider- 
able amount of poor maintenance design 
and have gone on improvising time and time 
again as the only solution to their problems. 
As a result of this improvisation it is pro- 
bable that those concerned with the actual 
design do not realise many of the difficulties 
experienced in the maintenance of their 
aerodynamically efficient aircraft. 

By drawing attention to a few of the 
present day defects and suggesting methods 
of improvements it is hoped that a little 
sympathy will be felt by the design staffs. 

As the piston engine is now rapidly 
becoming extinct and new types of aircraft 
are imminent, it is felt that now is the time 
for considerable improvements on the main- 
tenance side and to improve the general 
efficiency. 

Even if an aircraft is capable of flying to 
India and back in a day it is no use if it is 
continually unserviceable for days at a time. 
It would be just as economical to use a 
slower but more reliable aircraft. 


DIFFICULTIES. 
Many of the difficulties do not appear to 
be of a major nature when put down on 
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paper, but assume major proportions when 
tackled by inexperienced labour. 

An example of maintenance difficulties is 
the removal and replacement of engine 
cowlings. It often takes anything up to an 
hour to replace cowings on single-engined 
aircraft; usually in cases of difficulty a 
hammer is resorted to with consequent loss 
of shape and finish. A really efficient cowl 
ing fastener is required. With the older 
types of aircraft and their relatively low air- 
speeds it did not matter if a few buttons were 
not fastened securely (in practice often up 
to 30 per cent. of the fasteners were left 
undone in flight), but with the tendency for 
higher airspeeds this no longer applies. 
Stronger cowlings would also help as, even 
with the best maintenance, cowlings get 
dropped or blown about, resulting in dents 
and distortion. 

A second difficulty is the design of foot- 
steps. handholes, and so on. They are often 
too fragile and while it is appreciated that 
the designer is trying to keep the aircraft 
structure weight to a minimum, a little extra 
at the above points would prevent petty 
unservicea bility. 

There are always plenty of fragile fittings 
inside the majority of aircraft and although 


no doubt they have a satisfactory reserve — 


factor for their own particular job they will 
not stand up to a parachute being dropped on 
them, a wireless set being rested while being 
fitted in position, or a clumsy boot coming 


h 

tl 
c 
b 
al 
be 
| el 
pl 
m 
| be 
in 
in, 
4 th 
or 
bi 
Pc 
co 
| m 
id 
Sp 
te 
ex 
for 
be 


DESIGN FOR MAINTENANCE 


in contact with them, and so on. It is all 
very well to say that these things should not 
happen but they do and will continue to do 
so as long as the human element is present. 


With a little thought in the design stage 
these odd brackets, supports, and so on, 
could be stiffened so that even though they 
bend, they will not break. 


The manhandling of aircraft brings 
another difficulty into the foreground. Many 
wing and tailplane tips are not very rigid 
and when used for pushing purposes cave in 
and leave unsightly dimples which detract 
from the aircraft’s performance. Also, the 
tailplane on the smaller type of aircraft is 
a convenient place to lift the tail end up 
on to a trestle and frequently the structure 
will not stand up to a few human backs 
being used as jacks. Again the human 
element comes in: even though notices are 
painted in letters six inches high, “Do not 
push here,” that aircraft will now and again 
be pushed or lifted at incorrect points. 

Therefore, the plea is for wing and tail- 
plane tips and other similar parts to be 
made more rigid by packing them with 
balsawodd or the addition of a few stiffen- 
ing angles. 

Accessibility is one of the most aggravat- 
ing difficulties encountered. It is realised 
that the design staff are often working only 
on paper and cannot visualise the inaccessi- 
bility of various parts, e.g., hydraulic jacks. 
By the use of more mock-ups it should be 
possible to alter slightly the position of some 
components so that replacement or adjust- 
ment is easier. 

Special tools are always a nuisance. An 
ideal aircraft would be one without any 
special spanners and so on, and there is no 
reason why this state of affairs should not 
exist. At the present time there are far too 
many one-job tools. The only tools required 
for normal servicing of an aircraft should 
be those held by the maintenance engineer 
in his tool box. 


Engine and power-plant assembly changes 


are another difficulty. Two-hour power- 
plant (7.e., engine plus mounting structure 
and so on) changes are rarely achieved; two 
days is more like the time required. In one 
case, from my own experience on one type 
of aircraft—which shall be nameless—it was 
preferred to change an engine rather than 
a power-plant as a general rule. 

This difficulty leads to the question of 
interchangeability. Time and time again 
spare parts do not fit when they should and 
require a fair amount of gentle persuasion 
or modification. This applies to minor and 
major units, 7.c., anything from cowlings to 
mainplanes, and delays maintenance work 
considerably. Although the majority of 
items are manufactured with the aid of jigs 
and checking fixtures they often cause 
trouble. The difficulty may be in the fact 
that the average aircraft structure is flexible 
and an aircraft with a good number of fly- 
ing hours has settled a little. It has been 
noticed that spare parts manufactured by 
different contractors for the same type of 
aircraft do not match up and this is rather 
difficult to explain. 

The use of special threads should be 
avoided wherever possible as the difficulty 
of manufacturing new items when spares 
are not available can cause troublesome 
delays. 

Ailerons are another difficulty. It is often 
necessary to change ailerons anything up to 
a dozen times after test flights before the 
correct trim is obtained. This trial and error 
method is hardly scientific. Greater accuracy 
in production seems to be the answer to this 
trouble. 

Aircraft instruments still do not have a 
high enough standard of serviceability and 
unless it is possible to hold a reasonable 
pool of serviceable items, the average aircraft 
spends an undue proportion of its life 
unserviceable because of defective instru- 
ments. The changing of some instruments, 
c.g., from the engines to the cockpit, is often 
a most laborious job and sometimes involves 
removal of other equipment or structure. A 
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little more thought in the design stages 
would improve this state of affairs. 


Aircraft hydraulic systems are still far 
from perfect, especially those using the 
higher pressures. The number of compo- 
nents that have to be replaced is too high 
and the tracing of faults is often a lengthy 
job unless the maintenance personnel are 
always working on the same type of air- 
craft. Present day systems are over-compli- 
cated and even if more mechanical gadgets 
were fitted in place of hydraulic items the 
maintenance difficulties would be reduced. 
Seals are still not one hundred per cent. 
satisfactory and hydraulic accumulators 
have the nasty habit of leaking at unpredict- 
able moments, usually when the aircraft 1s 
required for flight. 


Improvements to the operating mechanism 
and jettisoning gear for cockpit hoods are 
required. At the present time these items 
are often a cause of trouble. The inter- 
changeability of cockpit hoods is not good 
and each hood has to be fitted individually 
to every aircraft. 

Some cockpit floors are not designed from 
a maintenance point of view. Spanners, nuts, 
split pins, and so on, have the awkward habit 
of dropping down into the most inaccessible 
corners and are often impossible to retrieve 
without dismantling some components. If 
every aircraft were checked for loose objects 
there is no doubt that a good collection of 
odds and ends would be found. This trouble 
could be the cause of a few of the obscure 
accidents which occur from time to time, i.c., 
the jamming of some control system at an 
awkward moment. 

It is suggested that cockpit floors be 
designed to prevent the possible loss of tools 
and similar items, by completely enclosing 
any apertures and so on and giving a suitable 
surface for cleaning. 


The above difficulties and criticisms are a 
few which drive aircraft engineers to 
improvisation. Each individual aircraft 


varies considerably as regards ease of main- 
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tenance but all have at least one or two bad 
points. 


GROUND EQUIPMENT. 


The design of good ground equipment is ; 


just as important as good aircraft design. 
Makeshift ground gear is not efficient and 
quickly leads to all sorts of troubles. Some 
of the gear supplied by aircraft firms is often 
too weak to stand up to manhandling and 


as a consequence is broken, thrown away in | 


some corner and forgotten. 

It is difficult in a factory, even in the 
assembly shop, to realise the difficulties of 
aircraft maintenance. In a factory condi- 
tions are ideal and tools can be made at 
short notice to suit difficult jobs, but it is 
different in unheated hangars or in the slip- 
stream of other aircraft. Ground equipment 
must be designed to stand up to rough 


handling and at the same time must not be | 


too massive to use. The number of special 
rigs should be reduced to a minimum. 


CONCLUSION. 


From the description of some of the diffi- 
culties experienced during the maintenance 
of aircraft it is obvious that the design staff 
have not enough practical personnel in their 
midst to thrash out these points at an early 
stage in the life of an aircraft. 

Now that the tendency is to build up 
larger and more complicated design staffs 
there is the danger that the theoretical side 
will tend to become top heavy, with a con- 
sequent loss in maintenance efficiency. 
Although good combined practical and 
theoretical men are rare, the design staffs 
should be made to consider every job from 
the maintenance angle before it leaves the 
drawing board and not just consider it from 
the strength factor. Once drawings are 
issued and the parts are in production it is 
extremely difficult and sometimes impossible 
for the basic design to be altered and as a 
result the maintenance engineer has one 
more potential worry. 
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DESIGN FOR MAINTENANCE 


Many of the modifications, some small 
and some big, which emerge as a result of 
flying the aircraft could be avoided if every 
drawing were vetted from the maintenance 
viewpoint. 

An extra few weeks added to the design 
time would be amply repaid and would in 
the end save time by doing away with modi- 


fications which are the curse of both aircraft 
designer and aircraft operator. 

Finally,.a plea for more active co-opera- 
tion between those who use spanners and 
those who handle drawing instruments. The 
more co-operation there is, either by meet- 
ings, lectures, visits and personal contacts, 
the better it will be for both sides. 


The above short note raises points of considerable importance. Correspondence will 
be welcomed on the subject—Editor. 


REVIEW 


Bomber Offensive. Marshal of the Royal Air Force Sir Arthur Harris, G.C.B., 
O.B.E., A.F.C. Collins, London, 1947. 21s. Od. net. 


A balanced review of such an important book as Bomber Offensive can only be made 
by a reviewer who has had the opportunity of studying documents at Cabinet level. To 
Sir Arthur Harris cabinets are wooden objects and the wood becomes less and less attrac- 
tive the more the cabinet is designed from a naval or army point of view, or even from 
an air force point of view. 

When it comes to co-operation, Sir Arthur remarks: ‘Personally I quite agree with 
the principle of co-operation, but only on the lines of abolishing all three services and 
having only one defence force; it would probably have to be called the Defence Force, 
though I do not like the term ‘defence.’ ‘Defence’ is a gesture not of war but of 
inferiority.” 

Hence the title of Sir Arthur’s book. 


As a history of the bombing offensive, as a broad survey of its results and of the 
problems involved in building up that offensive and of obtaining those results, this book 


will throw a remarkable light on what actually happened behind the scenes from 1939 to 
1945, 


But when it comes to drawing conclusions, to laying down the law as to what would 
have happened if the author had got all he wanted at the exact time he wanted, then the 
remarkable light which is thrown is directed at Sir Arthur Harris himself. There is no 
question he had a one track mind where bombing was concerned and without question it 
was exactly the kind of mind which was required to carry out the work he was called 
upon to do. 


He expresses his opinion on page 31: “I certainly had faith in the bomber offensive 
—if it could be got going, and if the Germans did not find effective counter-measures 
before we built up the force—all that I had seen and studied of warfare in the past had 
led me to believe that the bomber was the predominant weapon for this task (to destroy 
the enemy’s war potential) in this war, as the air was already the predominant factor in 
other operations on sea or land.” 


Throughout this book the author never fails to draw attention to the fact that he 
never got as many bombers as he wanted, that upon those at his disposal demands were 
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REVIEW 


made by the Admiralty and the Army and the Ministry of Economic Warfare with 
which he disagreed. His comments upon all three do reveal that he has found all the 
words he wants, and knows exactly when to release them with the greatest effect. 


“I watched the army and navy, both singly and in concert, engineer one deliberate 
attempt after another to destroy the Royal Air Force . . . If they had succeeded they 
would have abolished our air power as they succeeded in abolishing our tank power, 
while retaining the Camberley drag hunt, and, as the pinnacle of our sea power, those 
scarcely more useful battleships whose bones now lie where air power so easily consigned 
them, littering the floors of the ocean or obstructing the harbours of the world. And 
had they succeeded in suppressing the Air Force we should have entered the war with 
one fighter as we entered it with one tank.” 


And again, “The navy with its battleships . . . provide the outstanding example of _ 


that parochial spirit which springs from the existence of separate services . . . As to the army, 

heaven knows that we have suffered enough from what is known in the services and out- 
side them as the ‘ cavalry mind.’ ” 

The author can make a 1,000-word raid on any subiect of his dislike and leave a 


considerable sense of destruction behind. He has, too, the facility for a swift 55-word . 


attack which hits the target accurately. He believes, for example, the multiplication of the 
civil service is leading to catastrophe. 

“T can recall one civil servant whose whole-hearted devotion to the country and to 
his work, was worth at least a division to the enemy on every day of the war. But for 
the human limitations of even his devotion to duty and to an eighteen-hour day he would 
undoubtedly have been worth two divisions.” 

There is so much worth quoting from this book, so much which is controversial, so 
much which is informative, so much horse sense, that what has been quoted may be con- 
sidered as being prejudicial. But whichever side you may be on, the archangels of the 


Admiralty or the Navy, or the cherubim and seraphim of the Royal Air Force, you will , 


be able to quote the appropriate passages which will show the author in his true 
perspective. 


Harris has given a picture of something which the Germans found was the most offensive 
thing in their history. It is one which should be studied with great care by all those 
interested not only in air matters, but in the future of civilisation. As the author says , 
in his last paragraph, “ Any part of the human race that imagines that its survival is 
either necessary or outstandingly desirable must indeed, in the light of history, be thought | 
to have an extraordinary conceit of itself.” 

Bomber Offensive should take the conceit out of a great many people who imagine | 
their survival is either necessary or even desirable. 
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On the King’s Flight 


The Vickers Viking V.L. 246, 
ge used by H.M. THE KING during 
r << the Royal Tour of South Africa, 

~ is powered by Bristol 134 engines 
fitted with 


PLUGS 


Viking V.L. 247, for the use of 
H.M. THE QUEEN and the ROYAL 
PRINCESSES, is similarly equipped. 


—AND ON THE ROYAL CARS 


Lodge Plugs are also fitted in the 
Daimler Cars supplied to the South 
African Government for use on the 
Royal Tour. 


Lodge Plugs Ltd., Rugby 


Printed by the Lewes Press (Wightman & Co., Ltd.), Friars Walk, Lewes, England. and Published by the Roy; 
Aeronautical Society, 4, Hamilton Place, London, W.1, England. 
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